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GEOLOGY  AND  OIL  RESOURCES  OF  THE 
SANTA  MARIA  OIL  DISTRICT.  SANTA 
BARBARA  COUNTY.  CAL. 


By  Ralph  Arxold  and  Kobert  Anderson. 


INTRODUCTION. 

PURPOSE   OF    THIS    REPORT. 

During  the  last  three  years  the  region  near  the  Pacific  coast  in  the 
northern  part  of  Santa  Barbara  County,  Cal.,  has  shown  promise  of 
becoming  one  of  the  most  productive  oil  fields  of  the  West,  if  not  of 
the  whole  United  States.  The  developed  fields  he  on  the  low,  rolling 
hills  betw^een  the  Santa  Maria  and  Lompoc  valleys,  where  the  oil  has 
accumulated  in  great  abundance  in  the  Monterey  shale,  of  middle 
Tertiary  age,  which  xmderlies  this  region.  The  lightness  of  the  oil, 
which  averages  from  25®  to  27®  Baum6,  and  the  great  productiveness 
of  the  wells,  w^hich  jaeld  as  high  as  3,000  barrels  a  day,  with  an 
average  of  300  to  400  barrels,  are  among  the  features  for  which  the 
district  has  become  noted.  Large  areas  in  the  same  general  region 
as  the  productive  fields  have  been  known  for  some  time  to  be  analo- 
gous, so  far  as  surface  evidence  went,  to  the  proved  territory,  and  it 
was  thought  that  geologic  investigations  of  the  region  might  funiish 
valuable  information  and  aid  in  the  extension  of  developments. 
Ac<?ordingly,  with  the  purpose  of  studying  the  occurrence  of  the  oil, 
the  extent  and  structure  of  the  oil-bearing  formations,  and  their  rela- 
tions to  associated  formations,  the  writers  carried  on  the  field  work 
leading  to  the  present  report  during  the  summer  and  autumn  of 
1906.  The  geology  of  the  region  covered  by  the  accompanying  geo- 
logic map  (PI.  I,  in  pocket)  has  not  been  completely  studied  in  all 
parts.  Between  the  San  Rafael  and  Santa  Ynez  ranges  it  has  been 
worked  with  considerable  detail,  but  the  mapping  of  the  mountainous 
regions  has  been  more  in  the  nature  of  a  reconnaissance  outside  of 
the  areas  of  the  Monterey  formation. 

A  preUminary  paper  containing  the  features  of  this  report  most 
immediately  pertinent  to  the  oil  developments  and  an  outline  map 
has  been  published  as  Bulletin  No.  317  of  the  United  States  Geolog- 
ical Survey. 
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in  the  early  fifties.**  In  the  report  on  this  work  the  larger  topo- 
graphic features  were  well  described,  the  presence  of  asphaltic  rocks 
was  briefly  noted,  and  the  Tertiary  age  of  most  of  the  sedimentary 
rocks  was  recognized,  but  the  structural  features  and  the  relations  of 
the  recks  were  in  the  main  misinterpreted. 

During  the  course  of  the  geological  survey  of  California  by  J.  D. 
Whitney  a  hasty  reconnaissance  was  made  of  a  part  of  this  region.** 
He  says  in  his  report : 

Tho  region  to  the  west  of  the  San  Rafael  Range,  between  the  Santa  Ynez  and  Cuya- 
mas  rivers,  was  cursorily  examined  by  our  party.  ♦  *  ♦  The  region  is  occupied 
by  hills  of  moderate  height.  No  metamorphic  rock  was  seen;  but  pebbles  of  serpen- 
tine and  metamorphic  sandstone  were  noticed,  especially  for  3  or  4  miles  north 
of  Alamo  Pintado.  ♦  *  ♦  These  hills  were  covered  with  gravel  derived  from  the 
bituminous  slates.  At  times,  especially  near  the  Santa  Maria  River,  the  hills  were 
capped  by  a  modem  horizontal  deposit  (post-Pliocene?).  The  underlying  rock, 
when  seen,  was  the  bituminous  slate,  sometimes  dipping  to  the  north  and  wmetimes 
to  the  south. 

Near  Foxen's,  on  the  south  side  of  the  valley,  there  were  hQls  of  nearly  horizontal 
strata  from  200  to  300  feet  high,  the  north  slopes  of  which  were  very  steep,  usually 
about  35°.  Beneath  the  soft  sandstone,  which  made  up  the  principal  part  of  these 
hills,  was  a  stratum  of  infusorial  rock  resembling  chalk  in  appearance,  exceedingly 
light,  its  specific  gravity  not  being  more  than  0.6  or  0.7;  the  thickness  of  this  stratum 
was  over  20  feet.    The  age  of  this  formation  is  not  yet  definitely  ascertained. 

North  of  the  valley,  at  Foxen's,  the  bituminous  slate  occurs  with  a  high  dip  to  the 
north,  and  aspbaltum  is  found  in  several  localities  near.  In  places  the  slates  are 
altered  and  silicified,  sometimes  resembling  semiopal  in  appearance,  the  finest  lami- 
lue  of  the  original  structure  being  preserved. 

So  far  as  the  writers  are  aware  no  further  investigation  of  the  geol- 
ogy of  the  region  was  made  until  H.  W.  Fairbanks  made  examina- 
tions of  portions  of  the  Coast  Ranges  and  reported  on  them  for  the 
State  mining  bureau  in  1894.  In  his  paper  on  the  '^Geology  of 
northern  Ventura,  Santa  Barbara,  San  I^uis  Obispo,  Monterey,  and 
San  Benito  counties'^  reference  is  made^  to  the  region  under  discus- 
sion, especially  to  the  Santa  Ynez  Mountains.  Regarding  the  Santa 
Ynez  Range  he  says:  '*It  is  formed,  so  far  as  is  known,  of  Miocene 
rocks  exclusively/'     And  again: 

There  can  be  no  doubt  that  the  main  portion  of  the  Santa  Ynez  Range  is  Miocene 
with  a  general  anticlinal  structure,  well  shown  in  the  San  Marcos  Pass.  The  center 
of  the  anticlinal  is  not  generally  the  highest  portion  of  the  range,  but  lies  on  the  east- 
em  slope.  The  normal  type  of  anticlinal  structure  is  also  marked  by  an  east  and  west 
compression,  producing  features,  however,  of  secondary  importance. 

As  viewed  from  the  south  at  various  points  the  range  consists  of  heavy-bedded  sand- 
stone, dipping  at  a  high  angle  to  the  south.  *  *  *  At  the  western  end,  in  the  vicin- 
ity of  Point  Arguello,  no  anticlinal  structure  is  apparent,  but  steeply  inclined  and 
broken  strata.  Asphaltum  is  found  in  many  places  near  the  sea  from  Point  Arguello 
to  Ventura  County. 

«  Pacific  R.  R.  Repts.,  vol.  7, 1857,  Chaps.  VIII,  IX,  and  X. 
^Qeologlcal  Survey  of  California.  Geology,  vol.  1,  18fi5,  pp.  13.'>-138. 
e  Twelfth  Ann.  Rept.  California  State  Mining  Bureau.  1894,  pp.  498-506. 
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The  present  writers  are  in  agreement  with  these  statements  except 
as  regards  the  exclusively  Miocene  age  of  the  rocks,  a  large  part  of 
which  are  here  consideretl  as  Eocene.  On  page  505  of  Fairbanks's 
article  he  speaks  of  "shales  and  sandstones  of  undoubted  Cretaceous 
age"  between  Gaviota  Pass  and  Santa  Ynez  River,  in  the  hills  which 
in  the  present  paper  are  considered  as  part  of  the  Santa  Ynez  Range. 
In  the  very  short  time  spent  in  this  locality  the  present  writers 
found  no  evidence  of  the  presence  of  Cretaceous  rocks. 

A  number  of  asphalt  deposits  in  northern  Santa  Barbara  County 
are  described  on  pages  30  to  33  of  the  twelfth  annual  report  of  the 
State  mineralogist,  cited  above.  The  localities  mentioned  are  on 
the  Los  Alamos  grant,  44  miles  north  of  Harris  station;  along  the 
northern  slope  of  the  bills  bordering  the  Santa  Maria  Valley,  10  mil<*i'' 
southeast^  of  Santa  Maria;  about  2  miles  northeast  of  the  Furisima 
Mission;  along  the  southern  slope  of  the  hills  between  the  Los  Ala- 
mos and  Santa  Ynez  valleys  (Furisima  Hills),  especially  on  the  San 
Carlos  de  Jonata  grant;  and  in  poorer  and  less  known  deposits  at 
Gaviota  Landing,  at  Foint  Arguello,  near  the  mouth  of  Canada 
Hontla,  and  at  other  points  toward  Lompoc  Landing.  Seep^;es 
out  of  the  bituminous  "slate"  (shale)  series  are  mentioned  as  occur- 
ring in  the  canyon  of  the  Sisquoc,  about  in  the  center  of  the  Sisquoc 
grant,  along  Lahrea  Oeek,  and  near  the  west  end  of  the  Tinaquaic 
grant. 

By  far  the  best  observations  recorded  up  to  1896  regarding  the 
geology  of  this  region  were  those  of  H.  W.  Fairbanks,  published  in 
his  paper  on  the  "Geology  of  Point  Sal.""  He  gives  a  detailed  de- 
scription of  the  igneous  and  sedimentary  formations  occurring  at 
the  seaward  end  of  the  hills,  termed  in  the  present  report  the  Cas- 
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divisible  into  two  distinct  parts — the  upper,  the  bituminous  shales,  and  the  lower, 
the  gypsiferous  clays.  Below  the  clays  are  sandstone,  shales,  and  conglomerates 
resting  on  the  gabbro  and  serpentine.  *  *  *  The  strata  of  volcanic  ash  appear  in 
the  lower  Miocene  beds.  There  are  three  distinct  horizons,  the  lowest  resting  on  the 
gabbro. 

The  igneous  rocks  are  treated  in  especial  detail  in  this  paper  and 
a  very  good  description  is  given  of  the  bituminous  shales.  The  con- 
clusions of  the  present  writers  are  in  agreement  with  the  statements 
above  quoted  and  the  others  contained  in  Fairbanks's  paper. 

In  1901  George  11.  Eldridge  gave  an  admirable  general  outline 
of  the  topography  and  geology  of  the  country  surrounding  the 
Santa  Maria  field  in  his  treatise  on  ''The  asphalt  and  bituminous- 
i  ck  deposits  of  the  United  States,''  and  discussed  in  detail  its  asphalt 
deposits."     He  says: 

The  geolog\'  of  the  region  embraces  an  underlying  series  of  folded  Monterey  shale 
of  both  the  soft  and  more  organic  material  and  that  which  is  liard  and  siliccH^us,  but 
the  former  predominates.  So  far  as  o]>serv'ed  }>y  the  writer  this  scries  of  beds  was 
not  exposed  at  any  pwint  in  its  entirety.  Overlying  the  Monterey  unconformably, 
and  especially  developed  in  La  Graciosa  Hills,  is  the  heavy  and  extensive  dej)osit  of 
Pliocene  sands,  grits,  and  conglomerate  already  referred  to.  The  composition  of  the 
later  deposit  is  chiefly  quart zose. 

Eldridge  **  observed  a  prevailing  central  fold  somewhat  to  the  north 
of  the  topographic  axis  of  the  ridge '^  south  of  Waldorf,  in  the  Cas- 
malia  Hills,  this  being  no  doubt  the  fold  described  in  the  present  report 
as  the  Schumann  anticline.     He  savs  further: 

ft. 

The  Pliocene  *  ♦  *  shows  a  less  degree  of  folding  than  the  underlying  Mon- 
terey, yet  the  movement  that  produced  the  pro-Pliocene  ridge  has  ap[)an'ntly  been 
continued  subsequent  to  the  deposition  of  tho  materials  (»f  this  ago,  for  gentle  dips 
of  from  2**  to  10°  are  to  be  ohs<'rv'ed  in  the  later  formation. 

In  discussing  the  country  east  of  Los  Alamos,  l)otw(»cn  the  San  , 
Rafael  Range  and  the  Santa  Ynoz  Valley,  which  he  calls  the  Los 
Alamos  region,  Eldridge  says: 

In  structtu^  the  Los  Alamos  region  i)re8ents  a  series  of  folds  whicli  are  in  general 
o>ineident  with  the  topographic  ridges  and  valleys.  *  *  *  It  is  worthy  of  note  that 
the  valleys  of  the  region  under  consideration  for  tlie  most  part  occupy  the  synclinal 
trr»ughs.  It  is  possible  that  some  of  them  also  occupy  fault  lines.  *  *  *  ^he  gen- 
eral trend  of  the  folds  for  the  I»8  Alamos  district,  and  indeed  for  a  great  st retell  of  coun- 
tr}'  Fx-yond,  is  N.  70**  to  80**  \V.,  the  dips  being  north  and  s<juth.  Exc<'pting  in  their 
ln*n<l.  however,  there  is  but  little  regularity  in  the  disjKJsition  of  the  folds,  and  their 
ax*-*,  lK»tb  longitudinal  and  transverse,  vary  greatly  in  hngth.  In  additicm  to  the 
main  and  conspicuous  folding  that  has  been  described,  there  ar(»  frequent  <Tumples 
of  minor  importance. 

In  another  place  Eldridge  mentions  a  l(»ns  of  limestone  included 
in  the  serpentine  in  a  high  bluff  just  north  of  Alamo  Pintado  Creek, 
along  the  old  beach  line  where  the  Fernando  was  deposited  upon  the 
Franciscan  at  the  base  of  the  San  Rafael  Mountains.     This  linie- 
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stone  was  composed  largely  of  Pliocene  shells,  as  determined  by 
Doctor  Dall.  Eldridge  remarks:  "In  view  of  the  supposed  age  of 
the  serpentine,  it  is  thought  that  the  deposit  was  formed  by  the 
accumulation  of  sediment  and  shells  in  a  crevice  of  the  older  rocka 
at  the  time  they  perhaps  formed  tlie  sea  bluffs." 

The  same  writer  published  a  brief  summary  of  his  knowledge  con- 
cerning the  Santa  Maria  district  in  1903." 

The  San  Luia  foiio,*  by  H.  W.  Fairbanks,  issued  in  1904,  contains 
much  that  relates  to  the  district  in  general,  although  it  pertains 
directly  only  to  the  part  containing  the  Arroyo  Grande  field.  It 
is  the  most  comprehensive  report  concerning  the  northwestern 
part  of  the  Santa  Maria  district  yet  pubhshed. 

The  present  writers  have  published  two  papers  concerning  the 
geology  and  economic  resources  of  the  Santa  Maria  district.  Tlie 
first  is  entitled  "  Diatomoceous  deposits  of  northern  Santa  Barbara 
County,  Cal.,"*  and  the  second  "Preliminary  report  on  the  Santa 
Maria  oU  district,  Santa  Barbara  County,  Cal."**  A  third  paper 
treating  more  in  detail  the  burning  of  the  shale  is  "  Metamorphism 
by  combustion  of  the  hydrocarbons  in  the  oil-bearing  shale  of 
California,"  to  be  published  in  the  Journal  of  Geology. 

EARLY  HISTORY  OF  THE  DISTRICT. 

The  Santa  Maria  district  was  up  to  1899  entirely  unknown  as  an 
oil-producing  territory.  To  Messrs.  McKay  and  Mulholland,  of  Los 
Angeles,  is  due  the  credit  for  starting  operations  in  the  Santa  Maria 
field  proper.  After  a  favorable  report  had  been  made  by  Mr. 
Mulholland  on  certain  lands  of  the  Careaga  ranch,  the  Western  Union 
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LOCATION. 

The  region  discussed  in  this  paper  is  situated  on  the  CaHfornia  coast 
in  Santa  Barbara  County,  between  120°  and  120°  40'  west  longitude 
and  34°  30'  and  35°  north  latitude.  In  areal  extent  it  is  about  1 ,300 
square  miles  and  it  practically  covers  the  Lompoc  and  Guadalupe 
quadrangles  as  topographically  mapped  by  the  Ignited  States  Geo- 
logical Survey.  It  includes  portions  of  the  San  Rafael  and  Santa 
Ynez  divisions  of  the  Coast  Ranges  and  the  basin  region  lying  between 
them,  which  is  occupied  by  the  Santa  Maria,  Los  Alamos,  and  Santa 
Ynez  valleys  and  the  intervening  hill  ranges.  It  is  bordered  on  the 
north  b}'  the  San  Luis  Obispo  County  line,  on  the  west  and  south  by 
the  Pacific  Ocean,  and  on  the  east  by  the  Santa  Ynez  quadrangle, 
which  covers  the  high,  wild  mountains  north  of  Santa  Barbara.  On 
its  west  coast  are  Point  Sal  and  Point  Arguello,  and  the  south  coast 
includes  Point  Conception  and  part  of  the  long,  straight  shore  line 
that  runs  due  east  from  that  point  toward  Santa  Barbara.  These  are 
among  the  most  prominent  coastal  features  of  California. 

The  region  is  thoroughly  intersected  by  roads,  except  in  some  of 
the  uninhabited  portions.  The  Southern  Pacific  Railroad  coast  line, 
part  of  the  transcontinental  system,  extends  close  to  the  ocean  entirely 
around  two  sides  of  the  area,  and  the  Pacific  Coast  Railroad,  a  local 
line  from  Port  Harford  and  San  Luis  Obispo,  runs  into  the  region  as 
far  as  Los  Olivos  via  Santa  Maria.  A  rough  estimate  would  place 
the  number  of  inhabitants  of  this  region  between  5,000  and  10,000. 

The  Arroyo  Grande  and  Huasna  oil  fields,  in  the  San  Luis  quad- 
rangle, San  Luis  Obispo  County,  are  also  briefly  mentioned,  although 
not  a  part  of  the  region  whose  general  features  are  described  in  this 
report. 

DEFINITIONS  OF  PLACE  NAMES. 

The  following  list  defines  certain  place  names  as  used  on  the  map 
and  in  this  report.  The  two  main  mountain  ranges  have  lieretofore 
been  indefinitely  designated      The  other  names  are  newly  applied. 

The  only  land  comprised  within  the  Guadalu])e  quadrangle  is  the 
narrow  strip  of  coast  west  of  longitude  120°  30'  W.  The  Lompoc 
quadrangle  covers  the  rest  of  the  area  shown  on  the  map  east  of  that 
line. 

The  San  Rafael  Mountains  include  the  whole  group  between  Santa 
Ynez  and  Cuyama  rivers. 

The  Santa  Ynez  Mountains  include  the  whole  range  east  of  Point 
Arguello  between  Santa  Y'nez  River  and  the  ocean. 
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The  Ca^malia  Hills  include  the  group  extending  from  the  coast  at 
Point  Sal  to  Graciosa  and  Harris  canyons  and  San  Antonio  Valley, 

The  Solomon  Hills  lie  between  the  Santa  Mana  Valley,  Foxen 
Canyon,  and  the  Los  Alamos  Valley,  and  between  Divide  and  La 
Zaca  Creek. 

The  Purisima  Hills  lie  between  Lompoc,  the  Santa  Rita  Valley,  and 
the  Santa  Ynez  Valley  on  the  south  and  the  Los  Alamos  Valley  on 
the  north,  and  between  Burton  Mesa  on  the  west  and  Alamo  Pintado 
Creek  on  the  east. 

The  Santa  Rita  Hills  lie  between  the  Santa  Ynez  and  Santa  Rita 
valleys,  extending  from  a  point  east  of  IjOin]>oc  nearly  to  the  east 
edge  of  the  Santa  Rosa  grant. 

The  name  San  Antonio  terrace  is  applied  to  the  wide  terraced  region 
between  Casmalia  and  the  west  end  of  the  Los  Alamos  Valley. 

The  Lompoc  terrace  is  the  plateau-like  region  of  hills  extending 
from  the  coast  a  distance  of  about  5  miles  east  from  Honda  and  the 
same  distance  southeast  from  Surf. 

In  1896  H,  W,  Fairbanks  used  the  names  "Point  Sal  Ridge"  for 
the  axis  of  the  hills  between  Mount  Lospe  and  Point  Sal,  and  "Lions 
Head"  for  a  liigh,  rugged  mass  of  serpentine  on  the  coast  south  of 
Point  Sal,     These  features  are  so  named  here. 


OENE&AL    STATEMENT. 

The  general  character  of  the  region  covered  by  the  Ijompoc  and 
Guadalupe  quadrangles  is  that  of  a  triangular  hilly  basin  opening 
lUt  lowanl  the  coast  between  two  divergent  ranges  of  mminiains — ihp 
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They  are  topographically  and  structurally  young  ranges,  except  the 
Casmalia  Hills,  at  the  extremity  of  the  northern  line,  which  have  the 
character  of  a  separate  and  old  range. 

SAN    RAFAEL   MOUNTAINS. 

The  most  prominent  topographic  feature  is  the  great  mass  of  the 
San  Rafael  Mountains  on  the  northeast  and  east,  25  to  30  miles 
back  from  the  ocean.  The  structural  trend  of  the  range  is  N.  50°  W., 
approximately  parallel  with  the  general  course  of  the  lines  of  struc- 
ture in  California,  although  on  the  whole  more  westerly.  The  range 
runs  obliquely  to  the  north-south  coast  line  west  of  it,  but  farther 
north,  where  the  Santa  Lucia  Range,  its  northward  continuation, 
approaches  the  ocean  the  coast  curves  to  the  northwest  under  the 
control  of  the  mountains. 

Although  the  portion  of  the  San  Rafael  Range  included  within 
the  area  shown  on  PI.  I  (pocket)  composes  a  high,  rugged  maze  of 
ridges  reaching  elevations  that  range  between  2,000  and  4,300  feet, 
this  portion  is  in  the  larger  aspect,  but  subsidary  to  the  main  moun- 
tain group  farther  east,  in  which  altitudes  approaching  9,000  feet 
are  attained.  The  ridges  are  divided  by  steep  canyons,  most  of  which 
cut  transversely  across  the  formations  regardless  of  the  folding  and 
structural  lines.  Roimded  soil-covered  slopes  form  a  considerable 
portion  of  the  part  of  this  range  included  in  the  Lompoc  quad- 
rangle, but  rough,  rocky  slopes  are  likewise  abimdant.  The  range 
is  traversed  centrally  by  the  well-graded  canyon  of  Sisquoc  River, 
which  divides  it  into  two  mountain  groups.  On  the  south  and  north 
the  range  is  bounded  by  ^\dder  graded  valleys — those  of  Santa  Ynez 
and  Cuyama  rivers.  The  Santa  Ynez  divides  two  distinct  ranges. 
The  Cuyama  forms  a  more  arbitrary  division  in  the  Coast  Ranges. 
Near  its  mouth,  at  the  point  where  it  reaches  the  area  included  in 
the  accompanying  map,  it  veers  to  the  south  and  cuts  a  narrow  gorge 
across  the  San  Rafael  Mountains  without  regard  to  the  structure. 
The  range  may  be  regarded  as  continuous  across  this  portion  of  the 
river. 

Within  the  triangular  area  mapped  the  high  ridges  and  mountains 
around  Zaca  Lake,  Bone  Mountain,  Tepuscjuet  Peak,  and  Los  Coches 
Mountain  are  boldly  defined,  with  steep  side  slopes  descending  into 
narrow  canyons,  and  as  a  rule  rounded  summits.  The  broad  ridge 
originating  north  of  Los  Coches  Mountain  and  extending  southeast- 
ward to  North  Fork  of  I^abrea  Cr(»ek,  where  its  character  is  tem- 
porarily lost  until  it  appears  again  in  Manzanita  Mountain,  is  a 
striking  feature  with  its  long  southwestern  and  abrupt  northeastern 
slopes.  The  seaward  flanks  of  the  range  terminate  rather  abruptly 
in  the  terraces  bordering  the  Saiita  Maria  Valley. 
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■  BANTA    YNBZ   MOUNTAINS. 

The  Santa  Ynez  Mountains  foroi  a  long,  narrow  range  bordering 
the  Santa  Barbara  Channel  and  bounded  on  the  north  by  the  westward 
flowing  Santa  Ynez  River.  The  trend  of  the  range  is  east  and  west 
and  has  determined  the  unusual  direction  taken  by  the  coast  south 
of  it.  The  range  is  about  9  miles  in  average  width  and  contains  two 
lengthwise  zones.  The  southern  zone  comprises  a  ridge  with  remark- 
ably even  sky  line,  which  rises  directly  from  the  sea.  This  ridge 
increases  in  height  toward  the  east  from  an  elevation  of  1,000  feet 
at  Point  Conception  to  3,800  feet  east  of  Refugio  Pass  and  more 
beyond  the  boundary  of  the  area  mapped.  At  Point  Conception 
the  coast  bends  abruptly  to  the  northwest  around  the  end  of  this 
ridge,  but  north  of  Jalama  Creek  a  similar  ridge,  that  of  the  mountain 
El  Tranquillon,  follows  the  coast  as  far  as  Point  Ai^ello,  where  the 
shore  bends  again  abruptly  and  assumes  a  northward  course.  The 
second  zone  lies  between  these  two  coast  ridges  and  Santa  Ynez 
River.  It  has  more  the  nature  of  a  foothill  region,  forming  a  partly 
individual  range  of  hills  and  ridges  separated  from  the  coastal  ridge 
by  longitudinal  valleys.  The  average  slope  from  the  summit  of  the 
range  down  to  the  sea  is  at  an  angle  of  20°  to  30°.  In  places  the 
angle  is  less,  but  on  some  individual  slopes  it  is  greater.  The  width 
of  the  range  on  the  north  of  the  summit  ridge  is  greater  and  the  slope 
more  gentle  and  more  broken  than  on  the  southern  abrupt  slope  to 
the  sea.  Viewed  from  the  ocean  on  the  south  the  range  has  the 
appearance  of  a  steep,  even-topped  breastwork;  from  the  north  it 
appears  as  a  belt  of  discontinuous  hills  and  ridges  grouped  in  front 
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and  opposed  by  the  east-west  structure  of  the  Santa  Ynez  Range, 
and  the  result  is  this  convergence  of  ranges  with  the  consequent 
formation  of  a  high,  structxu^lly  complex  region.  The  Lompoc 
quadrangle  is  on  the  western  outskirts  of  this  region,  and  the  lines 
of  relief  corresponding  to  the  two  lines  of  structure  are  here  begin- 
ning to  diverge  and  show  their  individuality  in  the  two  bounding 
ranges. 

SANTA    MARIA    VALLEY. 

Santa  Maria  River,  which  takes  its  rise  in  two  profound  valleys 
within  the  San  Rafael  Range,  flows  along  the  foot  of  this  range  at 
the  north  edge  of  the  Santa  Maria  Valley.  This  valley  is  a  wide 
flood  plain  with  an  even  cultivated  floor,  siurounded  by  low  terraces 
that  fringe  the  base  of  the  mountains  on  the  northeast  and  rise  into 
the  Solomon  Hills  on  the  south.  It  opens  out  to  the  sea  and  forms 
the  southern  part  of  the  low  region  lying  between  Pismo  Beach  in 
San  Luis  Obispo  County  and  the  Casmalia  Hills. 

CASMALIA   HILLS. 

The  most  prominent  feature  of  the  landscape  south  of  the  Santa 
Maria  Valley  is  a  long  ridge  with  a  level  sky  line  running  northwest- 
ward out  to  the  ocean  at  Point  Sal.  This  is  the  high  ridge  of  the  Cas- 
malia Hills,  which  rises  abruptly  from  the  Santa  Maria  Valley.  Its 
highest  point  is  Moimt  Lospe,  1,624  feet  above  the  sea.  The  slope 
up  to  this  ridge  from  the  valley  on  the  northeast  is  steep,  but  on  the 
north  the  rise  is  more  gradual  over  wide  slopes  of  dune  sand.  On 
the  southeast  the  ridge  declines  as  it  approaches  Schumann  Pass 
the  low  divide  over  which  the  railroad  crosses  from  the  Santa  Maria 
Valley  to  Schumann  Canyon;  on  the  south  it  forks  into  successive 
ridges  which  slope  gradually  into  terraced  hilltops  bordering  Schu- 
mann Canyon;  on  the  west  it  drops  off  abruptly  into  steep,  rocky 
declivities  that  fringe  the  sea  in  the  neighborhood  of  Point  Sal.  The 
ridges  continue  southeastward  opposite  Schumann  Pass  as  far  as 
Graciosa  Canyon,  where  they  sink  under  more  recent  sand  formations 
and  lose  their  character.  South  of  Schumann  Canyon  the  terraced 
slope  continues  in  the  San  Antonio  terrace  as  a  wide  plateau  locally 
intersected  by  sharply  defined  U-shaped  canyons.  The  Casmalia 
Hills,  particularly  that  portion  north  of  Schumann  Canyon,  have  a 
distinct  individuality  among  the  topographic  features  of  the  basin 
region,  and  may  be  regarded  as  a  separate  although  small  range 
allied  in  age  and  character  with  the  boimding  ranges.  It  is  conform- 
able in  trend  with  the  San  Rafael  Moimtains  and  forms  a  prominent 
headland  jutting  out  to  sea. 

Most  of  the  ridges  in  these  hills  follow  the  strike  of  the  beds. 
Their  smnmits  are  characteristically  of  gentle  incline;  the  side  slopes 
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ranfjp  from  pentie  to  fairly  steep,  being  in  many  placps  determined 
by  the  dip.  PI.  IX,  A  (p.  80)  shows  excellent  examples  of  the  strike 
ridge.1,  dip  slopes,  and  even  sky  lines  of  these  Hlls.  The  ridges  di- 
verging from  Mount  Ijospe  are  given  prominence  by  the  hard  flint  of 
whieh  they  are  formed,  and  the  sharp  outlines  of  the  slopes  along  the 
coast  southward  from  Point  Sal  are  caused  by  the  resistant  igneous 
rocks  there  exposed. 

South  of  the  Casmalia  Hills  the  sea  has  cut  into  soft  formations 
and  along  structural  lines,  so  as  to  leave  the  Point  Sal  Ridge  jutting 
out  as  a  promontory.  The  same  is  true  on  a  smaller  scale  south  of 
Purisima  Point,  the  seaward  extension  of  Burton  Mesa,  and  south 
of  the  west  end  of  the  Santa  Ynez  Range.  The  coast  north  of  each  of 
these  headlands  runs  northward,  with  only  a  gentle  curve  away  from 
the  point,  until  the  indentation  south  of  the  next  range  is  reached. 
The  east-west  coast  lines  follow  structural  features;  the  north-south 
lines  truncate  them.  Faults  are  not  concerned  in  any  of  the  north- 
south  features  along  this  part  of  the  coast. 

North  of  the  Casmalia  Hills  the  coast  forms  a  straight  north-south 
line  bordering  the  lowland  that  opens  out  at  the  mouth  of  the  Santa 
Maria  Valley  as  far  as  the  deep  indentation  at  the  base  of  the  San 
Luis  Range,  which  exhibits  the  best  example  of  this  type  of  coastal 
structure.  The  latter  range  lies  in  the  San  Luis  quadrangle  and  has 
been  described  in  the  folio  covering  that  region." 


Although  the  Casmalia  Hills  drop  into  insignificance  in  the  vicinity 
of  Graciosa  and  Harris  canyons,  their  general  line  of  topographic 
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as  high  as  1,600  feet.    A  common  height  for  summits  in  these  hills 
is  1 ,200  feet. 

Wide,  shallow,  filled  valleys  between  the  rolling  summits  are  char- 
acteristic of  the  Solomon  Hills,  the  soft  valley  filling  being  as  a  rule 
shaq)ly.  cut  along  a  meandering  course  by  a  miniature  stream  gorge 
that  has  been  rapidly  eroded.  Many  of  these  recent  channels  are 
deeper  than  they  are  wide.  In  the  vicinity  of  La  Zaca  Creek  on  the 
east  the  Solomon  Hills  merge  with  these  foothills,  and  the  general 
topographic  features  are  continued  in  them.  The  Solomon  Hills 
owe  their  low  outlines  largely  to  their  structural  development  rather 
than  to  their  topographic  maturity.  It  has  been  an  area  of  building 
up  as  well  as  of  wearing  away,  and  the  original  topography,  which 
reflected  characteristically  the  fqlds  of  the  sedimentary^  formations, 
has  been  obscured  by  further  deposition  and  by  the  filling  of  valleys, 
in  addition  to  alteration  by  erosion. 

LOS    ALAMOS    VALLEY. 

The  incline  of  the  Solomon  Hills  on  the  south  is  gradual  down  to 
the  I^s  Alamos  Valley.  This  valley  extends  from  the  region  where 
the  Solomon  and  Purisima  hills  coalesce  in  the  foothills  of  the  San 
Rafael  Range  a  distance  of  about  27  miles  to  the  coast,  in  a  direction 
about  N.  75^  W.  This,  it  will  be  noted,  is  much  more  westerly 
than  the  trend  of  the  Santa  Maria  Valley.  The  Los  Alamos  A^alley 
separates  the  two  basin  ranges — the  Solomon  and  Purisima  hills — 
and  is  a  drainage  feature  of  them  alone.  The  average^  altitude  at  the 
sunuuit  of  its  watershed  is  from  1,000  to  1,300  feet;  and  tlio  liighest 
olevatitm  that  the  watershed  reaches  anywhere  is  loss  than  2,000  feet. 
All  the  water  from  the  higher  surrounding  regions  that  drains  into 
the  Santa  ilaria  basin  region  escapes  either  into  the  Santa  Maria 
Valley  on  the  north  or  the  Santa  Ynt^z  Valley  on  the  south. 

PURISLMA    HILLS. 

The  second  of  the  two  hill  ranges  is  tliat  of  tlie  Purisima  Hills,  which 
forms  a  definitely  outlined  structural  and  topographic  unit  spring- 
ing from  the  plateau  region  about  Santa  Ynez  and  the  foothills  of  the 
San  Rafael  Range  in  the  vertex  of  the  triangular  basin.  It  rises  at 
that  point  in  the  shape  of  a  number  of  strike  ridges  whicli  run  north- 
\v»^st ward  and  then  curve  around  to  the  west,  coming  together.  For 
iiii^st  of  the  distance  to  the  ocean  beyond  this  junction  the  range  con- 
<l<ts  of  a  single  ridge  running  parallel  to  the  Los  Alamos  Valley.  On 
the  north  it  sends  out  lateral  ridges  that  drop  off  rather  abruptly  into 
tlie  Ijos  Alamos  Valley.  These  ridges  are  separated  b\^  fairly  sharp 
V-^haped  valleys,  although  some  of  the  valleys  have  sides  of  more 
gentle  slope  and  fdled  bottoms.     A  striking  topographic  feature  is  a 


a  tiASJjk   MJktOA  tftL  MfiTBlCt.  CllSFCKSlA. 

U/n^tAi^uMX  tPAigii  nmnine  hir  mStm  piriHrl  with  this  m^  and  the 
f>A  AUufimK  \'m\]*ry  aud  cutting  axruw  tfae  ends  t^  the  «bave-iiieDti<Mi«l 
rittt^  at  riidit  wigleti  Ut  tlutm,  at  m.  distance  at  oof-balt  to  I  mOe  frtHn 
Um  va(M'.  It  wtteliMi  all  ttte  ridga  and  IfSTes  an  iDdividual  row  at 
kwl^»  I W  U»  'JtHI  f MKt  in  reUef  bordering  the  Taller.  Tius  de|»easioii 
ia  t$*A  a  '■AiiiUtuitiUK  tlratnafce  feature,  but  ia  stratign^hicallT  at  impor- 
tttfi'«  UM  »fiftr'tx'ntuite]y  marking  the  contact  between  the  MontereT 
litialtf  aiid  tttft  hrnm  Fernando  sand.  On  the  south  side  of  the  summit 
<yf  tltf^  PuriNiifia  Ililk  the  lateral  ridges  extend  a  long  way  with  a  m:i- 
i'lnn  K'^ntb;  »ht\M^,  like  remnuits  of  ao  eroded  inclined  plateau.  At 
tlMfjr  bawf,  M"me  inileM  fn^m  the  summit,  and  usually  from  500  to  1 ,000 
ii-4-t  \tt-iow,  ttiew!  southern  slopes  meige  into  an  undulating  hilly 
plat/taij  that  hmt  tlie  appearance  trf  being  buried  under  atrft  recent 
■ari'l,  Tiut  rang«  in  broadext  at  the  east  end,  where  it  consists  of  a 
fiMiiiU^r  itf  parallel  ridg<m.  The  point  of  convei^nce  of  some  of  these 
JM  ftt-ilnM:!!  Mountain,  which  is  1 ,968  feet  high  and  the  highest  summit 
in  ilvHt^  hilhi.  Tlietice  westward  the  hilly  zone  narrows  into  a  single 
(M^ntrnl  ridgit  and  it«  offshtmts,  and  gradually  pinches  out,  finally  giv- 
Jiig  ftliu-A'.  (>n  till'  Htmth  and  west  to  a  broad  terrace  in  which  its  hilly 
I'.harai^ti-r  is  lout.  The  summit  of  the  main  ridge  of  the  Purisima 
IIjIIn  wcMt  of  I{e^lrock  Mountain  gradually  declines  in  height  and  for 
rrioftt  of  tlw*  way  it  i«  remarkably  even,  the  elevation  varying  between 
1,200  and  ],000  tvA't.  At  the  elevation  of  1,000  feet  it  grades  into 
the  Hiiioiith  U^rru*-Ai  called  Burton  Mesa. 

BURTON    UESA. 

Burton  Mi'Ha  in  a  marine  terrace  covering  more  than  50  square  miles, 
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of  Canada  Tortuga  the  steeper  portion  above  the  coastal  bench  is  only 
100  feet  high,  and  in  the  northwest  comer  of  the  mesa  the  main 
terrace  and  the  coastal  bench  grade  into  each  other  and  become 
practically  one. 

SANTA   YNEZ   VALLEY   AND   SANTA   RITA    HILLS. 

Santa  Ynez  River  is  the  second  of  the  two  main  drainage  lines  of 
the  area,  Los  Alamos  Creek,  the  next  in  size,  being  much  subordinate 
to  these  two.  The  Santa  Ynez  rises  in  the  high  region  north  of  Santa 
Barbara  and  flows  westward  between  the  Santa  Ynez  and  San  Rafael 
ranges.  From  the  east  edge  of  the  Lompoc  quadrangle,  where  these 
two  ranges  diverge,  it  flows  sHghtly  to  the  north  of  west,  at  the  foot 
of  the  Santa  Ynez  Mountains.  Its  course  is  even  more  westerly  than 
that  of  the  Los  Alamos  Valley  until  it  approaches  the  ocean,  where 
the  nose  of  the  Santa  Ynez  Range,  as  in  the  two  ranges  farther  north, 
shows  a  tendency  to  change  its  orientation  into  greater  conformity 
with  the  northwesterly  course  of  the  San  Rafael  Range. 

This  stream  has  a  low  gradient  of  only  one-fourth  of  1  per  cent.  Its 
valley  has  a  steep  side  on  the  south  formed  by  the  hills  of  the  Santa 
Ynez  Range,  but  it  is  widened  on  the  north  by  the  easy  slopes  of  ter- 
races and  sand  hills,  except  at  the  Santa  Rita  Hills,  which  rise  midway 
in  the  river's  course. 

The  Santa  Rita  Hills  form  a  small  separate  range  reaching  a  height 
of  1,300  feet  and  resembling  in  miniature  the  Purisima  Hills.  The 
range  starts  from  the  valley  in  several  strike  ridges  running  north- 
west, which  join  in  the  highest  part  of  the  range  and  then  continue 
clue  west  as  a  single  ridge.  The  river  follows  a  tortuous  course  be- 
tween this  and  the  Santa  Ynez  Range  and  has  cut  cliffs  in  many  places. 
On  the  north  the  Santa  Rita  Hills  are  divided  from  the  Purisima 
Hills  by  the  Santa  Rita  Valley,  a  low  basin  similar  to  some  portions 
of  the  Santa  Ynez  Vallev. 

The  level  floor  of  the  river  valley,  including  the  stream  bed  and  the 
somewhat  higher  terrace-like  flats  on  either  side,  ranges  in  width  from 
a  few  hundred  feet  to  about  a  mile  until  within  10  miles  of  the  ocean, 
where  it  opens  out  into  the  Lompoc  Valley,  an  alluvial  flat  several 
miles  wide. 

TERRACED    COAST. 

Pleistocene  terraces  border  the  coast  for  the  greater  part  of  the 
distance  around  the  Guadalupe  and  Lompoc  ((uadrangles.  The 
great  Burton  Mesa  terrace  has  alreadv  been  mentioned.  Bevond  the 
valleys  to  the  north  and  south  of  this  mesa  similar  terraced  areas 
extend  A^ddely  and  in  places  to  a  considerable  distance  inland,  but  no- 
where else  with  so  gentle  a  slope  as  is  exhibited  on  the  Burton  Mesa. 
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Where  steep  hills  descead  toward  the  coast  there  is  afanost  wiUiout 
exception  a  coastal  terrace  starting  at  the  top  of  (he  sea  clifT,  which, 
as  a  rule,  ranges  in  height  from  a  few  feet  to  more  than  50  feet  above 
the  water.  Most  of  these  terraces  extend  up  to  an  elevation  greater 
than  200  feet.  Some  of  them  have  left  traces  at  a  height  of  300  feet 
or  more,  and  others  continue  perfect  to  this  altitude  or  even  higher. 

GBNER.U.   TOPOGRAPHIC    FEATTRES, 

The  point  of  especial  interest  in  the  topography  of  the  central  r^on 
between  the  two  bounding  ranges  is  its  characteristic  reflection  of  the 
structure  of  the  formations,  whereas  in  the  mountains,  as  has  been 
noted,  the  topographic  development  has  been  less  in  accordance  with 
the  lines  of  structure.  An  anticline  in  the  central  r^on  is  apt  (o  be 
coincident  M'ith  a  ridge,  as,  for  example,  in  the  long  ridge  of  the 
Puri.sima  Hills,  which  Ues  close  to  the  axis  uf  a  broad  anticline, 
Moreover,  some  of  the  larger  valleys  mark  the  syncUoal  axes  of  the 
broad  lines  of  structure — a  statement  illustrated  by  the  Santa  Ynez 
Valley  in  parts  and  by  its  structural,  although  not  actual,  continua- 
tion in  the  Santa  Rita  Valley.  It  is  also  exemplified  by  the  upper  por- 
tion of  the  Los  Alamos  Valley  and  by  Harris  Canyon.  These  topo- 
graphic features  may  be  accounted  for  by  the  facts  that  the  main 
movements  in  these  hill  ranges  have  been  gentle  as  compared  with 
those  in  the  older  mountain  masses,  that  the  disturbances  giving 
them  form  have  been  comparatively  recent,  and  that  deformstioD 
has  not  gone  so  veri-  far.  Wlierever  there  are  low  areas  of  rolling 
hills  it  is  almost  sure  to  be  found  that  a  synoline  or  plunging  fold  has 
given  rise  to  stnictural  depressions  in  which  deposits  of  soft  sand  pro- 
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and  having  a  dip  slope,  as  shown  in  PI.  IX,  A  (p.  80).  Character- 
istic of  the  soft  shale  are  hills  having  the  form  of  mounds  with  sym- 
metrical rounded  contours  and  with  few  prominent  outcrops  except 
pavements  of  shale  forming  the  surface.  The  soft  Fernando  sands 
form,  small  hills  that  look  Uke  irregular  sand  piles,  and  long  slopes 
with  shallow  erosion  features.  Some  of  these  slopes  reflect  the 
dip  of  the  strata  on  the  flanks  of  low  folds  and  are  structurally 
inclined  plateaus  in  a  typical  state  of  youthful  dissection.  The  val- 
leys are,  in  many  places,  filled  with  sand  that  has  shifted  down  from 
the  hills  faster  than  it  could  be  carried  away  by  agencies  of  transpor- 
tation. Great  cUflFs  of  soft  sand  are  common  as  tlie  result  of  the  ra[)id 
undermining  and  removal  of  portions  of  hills.  Thus  walled  cirques 
are  formed.  Harder  materials  in  the  Fernando  cause  s(|uarish  forms, 
such  as  that  of  Mount  Solomon.  The  terraces  of  the  Quaternary 
give  a  strong  individuality  to  the  topography  of  this  region.  They 
are  widely  in  evidence  along  the  coast,  in  valleys,  at  all  levels  up  to 
1,200  or  1,400  feet  on  slopes,  on  hilltops,  and  along  horizon  lines. 

DRAINAGE  AND  RAINFALL. 

The  three  principal  streams  have  received  mention  under  the  pre- 
vious headings.  A  small  amount  of  water  runs  in  them  all  the  year 
round,  but  the  quantity  is  only  rarely  sufficient  in  either  of  the  two 
main  streams  to  warrant  their  being  called  rivers.  This  name  is 
applied  to  them  on  the  ground  of  the  importance  of  their  drainage 
areas.  Almost  all  the  drainage  of  the  two  ([uadranglos  flows  into 
these  three  streams.  In  the  main  they  run  parallel  to  the  strike  of 
the  formations.  In  addition  to  those  already  mentioned,  others  that 
run  independently  into  the  sea  are  Casnialia  Creek,  in  Schumann  Can- 
yon, which  first  cuts  obliquely  across  the  end  of  the  Casnialia  Hills 
and  then  assumes  a  longitudinal  course;  Canada  Honda  Creek  and 
Jalama  Creek,  the  two  last  having  deeply  cut  courses  parallel  with  the 
structural  lines  at  the  west  end  of  the  Santa  Ynez  Mountains.  The 
steep  seaward  slope  of  these  mountains  is  cut  into  by  a  great  number 
of  short,  steep,  transverse  gorges. 

Tlie  portion  of  the  San  Rafael  Range  lying  within  tlu^  an^i  covered 
by  the  map  is  drained  principally  by  Sistjuoc  and  Cuyania  rivers, 
which  flow  along  well-graded  courses,  and  by  the  minor  streams, 
Labrea  and  Tepusquet  creeks.  With  the  exception  of  the  Cuyama, 
these  watercourses  and  the  majority  of  the  others  in  the  mountains 
have  cut  transverse  canyons  across  the  formations  regardless  of  the 
folding  and  the  structural  lines.  In  this  respect  they  differ  from  the 
streams  farther  south. 

On  the  whole,  it  is  rather  a  dry  region.  An  average  of  only  12  or  15 
inches  of  rain  falls  annually,  during  the  winter  rainy  season.     During 
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the  long  dry  season  almost  complete  evaporation  of  surface  moisture 
takes  place,  and  there  is  little  erosion  through  the  aid  of  wat«r. 
Throughout  the  latter  part  of  the  Quaternary  period  the  rate  of  ero- 
sion has  probably  been  slow. 

CLIMATE  AND  VEGETATION. 

The  climate  of  this  &rea  is  that  of  the  coastal  region  of  California. 
It  is  equable  the  whole  year  round,  excessive  heat  or  cold  being 
very  rare.  The  days  are  mild,  the  nights  chilly.  The  region  is  sub- 
ject to  the  inroads  of  heavy  fogs  and  driving  winds  from  the  open 
ocean,  but  this  is  true  to  a  lesser  degree  in  the  eastern  angle  of  the 
basin,  where  there  are  protecting  hills  on  all  sides.  The  winds 
blow  very  strongly  from  the  west  and  northwest  up  the  radiating 
valleys  that  open  to  the  coast.  The  region  is  subject  to  earth- 
quakes, some  of  which  would  seem  to  be  of  local  origin. 

The  vegetation  in  the  northern  part  of  Santa  Barbara  County  is 
open,  as  in  the  neighboring  portions  of  California.  There  are  almost 
no  dense  groves  of  trees,  most  of  the  liills  being  sparsely  clothed 
with  a  scattering  growth  of  small  trees,  usually  hve  and  white  oaks, 
and  bushes,  or  else  entirely  bare,  except  for  sagebrush  and  grass. 
The  wide  terraces  and  hills  of  soft  sand  are  commonly  ovei^ovm 
with  so-called  tarweed  and  are  otherwise  almost  bare.  In  the  val- 
leys near  the  coast  grow  many  willows;  in  the  more  protected  val- 
leys farther  inland  thrive  lai^  sycamores,  cottonwoods,  and  hve 
and  white  oaks.  The  steep  slopes  of  tlie  San  Rafael  Range  are 
sparsely  set  with  small  oaks,  pines,  and  yuccas,  and,  like  those  of 
the  Santa  Ynez"  Range,  are  covered  in  parts  by  dense  thickets  of 
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standard  Califomia  section  and  with  that  of  Santa  Clara  Valley,  Ven- 
tura County: 

Tentative  correlation  of  formations  of  Santa  Maria  district  with  the  standard  Califomia 
Coast  Range  section  and  vnth  that  of  the  Santa  Clara  Valley. 
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FRANCISCAN    FORMATION    (JURASSIC?). 


The  oldest  rocks  within  the  Santa  Maria  district  belong  to  the  Fran- 
ciscan formation,  which  is  probably  of  Jurassic  age.  H.  W.  Fair- 
banks deiKjribed  the  same  formation  under  the  name  San  Luis  in  the 
San  Luis  folio.  The  Franciscan  is  a  very  important  basement  for- 
mation in  the  Coast  Ranges  farther  north.  The  small  areas  of  these 
rocks  occurring  here  consist  of  remnants  of  beds  of  sandstone,  shale, 
glaucophane  schist,  and  jasper  associated  with  serpentine  that  has 
probably  been  intrusive  in  them.  The  sandstone  is  usually  of  a  dark- 
green  color,  fairly  fine  grained,  and  considerably  indurated.  The 
jasper  is  banded  by  thin  contorted  beds.     These  sediments  are  so 
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disturbed  that  little  clew  as  to  their  structure  can  be  obtained,  and 
so  local  in  extent  that  do  attempt  has  been  made  in  mapping  to 
dilTerentiate  them  from  the  accompan^'ing  serpentine. 

KXOXTILLE    FOHHATIOX    (LOWER    CRETACEOrs). 

Several  small  areas  of  sedimenlaiy  rock  occur  which  can  be  defi- 
nitely assigned  on  fossil  e^^dence  to  the  KnoxWlle,  or  lower  Cretaceous. 
The  two  most  important  are  north  of  Mount  Lospe.  in  the  Casiiialia 
Hills.  The  rock  is  chiefly  dark-colored,  unaltered  a  liliaceous  shale, 
such  as  is  characteristic  of  the  Knoxville  throughout  its  wide  area 
of  distribution  in  the  California  Coast  "Ranges.  Sandstone  and  con- 
glomeratic occur  in  lesser  amounts.  Brownish-yeliow  sandstone, 
similar  to  that  common  in  the  Knoxville  in  the  Coast  Ranges  several 
hundred  miles  farther  north,  occurs  on  the  border  of  an  irregular 
area  of  diabase  on  Tepusquet  Creek,  in  the  San  Rafael  ilountains, 
and  contains  the  characteristic  Knoxville  fossil  AuceUn  piochii  Gabb 
(PI.  XIII,  figs.  1,  2,  3a,  .ib,  p.  128).  The  rock  is  present  only  in  very 
small  patches,  and  seems  to  have  been  brought  up  from  below  by  the 
diaba.se  intrusion.  The  Knox\'iIle  was  rect^nized  in  one  other  place 
in  the  San  Rafael  Mountains  a  few  miles  north  of  Zaca  Lake,  at  the 
base  of  the  series  mapped  as  pre-Monterey,  where  also  it  contains 
Aucella  pwchii.  It  is  verj-  likely  that  a  portion  of  the  areas  mapped 
as  pro-Monterey  belongs  to  the  lower  Cretaceous,  but  it  is  not  prob- 
able that  the  whole  does. 

PRE-MONTEREY   ROCKS. 

Two   large  areas  of   sedimentary-   rocka  whose  age  has  not  been 
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has  been  considered  upper  Cretaceous  and  of  one  in  southeastern 
Santa  Barbara  County  that  has  been  ascribed  to  the  Eocene.  Its 
age  is  therefore  much  in  doubt.  It  may  also  include  at  the  top  part 
of  the  Vaqueros  (lower  Miocene),  which  overlies  this  doubtful  ter^ 
rane  and  of  wliich  the  base  has  not  been  definitely  determined. 

Structurally  the  strata  included  in  this  pre-Monterey  group. lie 
beneath  the  Monterey  and  upper  Vaqueros,  but  though  far  older 
they  do  not  bear  so  strongly  the  marks  of  intense  folding  as  do  the 
brittle  Monterey  shales.  They  are,  however,  steeply  upturned,  and 
the  lines  of  folding,  as  in  the  case  of  the  other  formations,  are  in  gen- 
eral in  a  northwest-southeast  direction. 

tejon,    sespe,    and    vaqueros    ft)rmations,    undifferentiated 

(eocene-miocene)  . 

OEHESAL  STATEKEKT. 

» 

The  Santa  Ynez  Range  is  mostly  composed  of  a  thick  terrane  of 
marine  sediments  equivalent  to  a  part  or  all  of  the  Tejon  formation 
and  the  Vaqueros  formation.  The  former  is  Eocene  and  the  latter 
lower  Miocene  in  age.  This  terrane  comprises  a  continuous  succes- 
sion of  marine  sediments  of  detrital  origin,  seeming  to  present  no 
point  at  which  an  angular  imconformity  exists,  although  the  line  at 
the  base  of  the  coarse  conglomerate  containing  the  Vaqueros  fossils 
doubtless  marks  a  long  time  interval. 

In  the  preliminary  report  on  the  Santa  Maria  district''  mention  is 
made  of  the  Sespe  formation  as  being  represented  here,  and  a  small 
area  of  it  is  sho\vTi  on  the  map  accompan\ang  that  report.  The 
Sespe  formation  belongs  to  the  Eocene  or  Oligocene  and  is  a  distinct 
formation  above  the  Tejon  and  below  the  Va([uer()s.  It  occurs  ex- 
tensively in  the  Santa  Ynez  Mountains  north  of  Santa  Barbara,  and 
an  outcrop  of  blood-red  sandstone  in  this  range  3\  miles  south  of 
the  Santa  Ynez  Mission  was  indicated  on  the  outline  map  as  belong- 
ing to  the  Sespe  because  of  its  lithologic  resemblance  to  the  typical 
rocks  of  this  formation.  This  small  area  has,  however,  not  been 
separately  shown  on  the  present  map,  as  there  is  no  good  proof  of 
its  age.  It  is  quite  possible  that  the  Sespe  formation  is  represented 
in  parts  of  this  western  portion  of  the  range  by  rocks  not  recogniz- 
able on  the  lithologic  grounds  which  are  deemed  sulTlcient  for  the 
detenninati(m  of  this  formation  in  the  vicinity  of  Santa  Barbara  or 
the  Ojai  Valley,  to  the  east;  or  it  may  be  that  sedimentation  was 
not  operative  in  the  western  part  of  the  range  during  Sespe  time,  and 
therefore  that  rocks  of  that  age  are  lacking  from  the  geologic  section 
in  this  region.  The  amount  of  work  done  in  the  Santa  Ynez  Range 
does  not  warrant  a  full  discussion  of  the  structure  and  relations  of 
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its  rocks  stratigraphically  below  the  base  of  the  Monterey  (ini(ld)e 
Miocene)  shale. 

Strata  corresponding  to  the  upper  portion  of  the  Tejoo-Sespe- 
Vaqueros  terrane  have  been  recognized  also  in  the  San  Rafael  Moun- 
tains, where  they  are  exposed  at  the  base  of  the  Monterey  (middle 
Miocene),  and  it  may  be  that  the  pre-Monterey  rocks  are  in  part 
equivalent  to  the  lower  portion  of  this  terrane.  The  Vaqueros  and 
possibly  part  of  the  Tejon  are  present  also  in  the  Casmalia  Hills. 

UTEOLOOtO  CBABAOTBB. 

The  lower  portion  of  the  terrane  is  made  up  of  a  thick  series  of 
greenish-gray  coarse  and  fine  sandstones,  many  of  them  concretion- 
ary in  character,  interbedded  with  dark,  fine-grained,  thin-bedded 
shales  in  lesser  amount.  Toward  the  middle  of  the  terrane  the  shale 
increases  in  amount,  alternating  with  thin  beds  of  sandstone.  Much 
of  the  shale  has  a  characteristic  olive-gray  color,  and  owing  to  its 
hard,  gritty,  brittle  nature  it  makes  excellent  road  material  for  the 
Santa  Ynez  Valley.     The  shales  and  sandstones  give  place  above 

the  middle  of  the  terrane  to  deposits  of  ahallow-water  character 

coarse  sandstone  and  a  great  quantity  of  coarse,  in  many  places  green- 
ish or  reddish,  gravelly  conglomerate.  This  conglomerate  contains 
abundant  Vaqueros  fossils  and  probably  represents  the  base  of  that 
formation  and  a  period  of  shallow-water  conditions  with  which  the 
Vaqueros  began.  The  conglomerate  gives  place  in  turn  to  more 
shale  and  sandstone,  which  continue  to  the  summit  of  the  terrane. 
At  the  top  there  is  a  conformable  gradation  into  the  Monterey  (mid- 
dle Miocene)  beds,  the  summit  of  the  Vaqueros  being  marked  bv  a 


GEOLOGY.  31 

shale  is  mentioned  by  H.  W.  Fairbanks  in  the  two  quotations  given 
under  the  heading  *' Previous  knowledge  of  the  geology/^  pages  12-13, 
and  this  author  discusses  them  further  in  his  paper  there  cited. 

STBUOTXJBE  AVD  TEXOKHESS. 

Like  all  the  Tertiary  and  pre-Tertiary  formations  of  this  region 
the  deposits  under  discussion  have  been  subjected  to  folding  that 
has  left  none  of  them  in  an  undisturbed  attitude.  But  as  they  con- 
sist in  large  part  of  soft  sandstone  and  conglomerate  with  inter- 
bedded  layers  of  sandstone  and  clayey  shale,  they  have  not  been  so 
violently  fractured  and  disturbed  as  much  of  the  brittle  shale  of  the 
lower  portion  of  the  Monterey  (middle  Miocene).  The  high  ridge  of 
the  Santa  Ynez  Mountains  from  Point  Conception  eastward  is  formed 
by  a  great  monocline  in  the  sandstone  of  this  terrane,  dipping  toward 
the  sea  on  the  south  at  an  angle  of  about  30°.  North  of  this  ridge 
occurs  a  longitudinal  depression  in  the  range  in  which  the  folds  of 
the  beds  are  rather  low;  and  still  farther  north,  bordering  the  Santa 
Ynez  Valley,  these  rocks  are  considerably  disturbed,  dipping  in 
various  directions  and  at  all  angles  between  15°  and  the  vertical. 
The  general  inclination  of  the  beds  on  the  north  side,  however,  is 
northward,  the  structiu^  of  this  part  of  the  range,  broadly  viewed, 
being  anticlinal.  In  the  San  Rafael  Mountains  the  Vaqueros  strata 
are  steeply  folded  along  northwest-southeast  lines,  in  conformity 
with  the  overlying  Monterey.  A  marked  example  of  the  way  in 
which  the  soft,  coarse  conglomerate  has  been  left  little  affected 
occurs  in  Buckhom  Canyon,  where  thick  beds  of  this  rock,  probably 
the  basal  part  of  the  Vaqueros,  lie  almost  horizontal.. 

The  Tejon-Sespe- Vaqueros  rocks  have  a  thickness  of  at  least  5,000 
feet  in  the  Santa  Ynez  Mountains,  and  further  work  will  probably 
allow  these  figures  to  be  considerably  increased. 

AGE  AKS  FOSSILS. 

At  least  two  distinct  faunas  are  found  in   the  Tejon-Sespe-Va- 
>    queros  strata.     The  lower  is  characteristically  Eocene,  and  similar 
to  that  of  the  Tejon  formation  of  the  type  locality;  the  upper  con- 
s'   tains  many  of  the  species  found  at  the  t\^)e  locality  of  the  Va(|uer()s 
formation,  which  is  the  standard  lower  Miocene  of  the  central  Cali- 
fornia province.     So  far  as  is  definitely  known  no  species  bridges 
the  gap  between  these  two  faunas,  either  here  or  elsewhere  in  Cali- 
fornia, although  the  beds  containing  the  two  are  apparently  con- 
■    formable  not  only  in  the  Santa  Ynez  Range  but   also  locally  as  far 
\   north  as  Martinez,  east  of  San  Francisco  Bay. 

i 
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The  following  tables  show  the  fossiliferous  Tejon  and  Vaqueroa 
localities  and  the  species  of  fossils  found  at  each.  (See  map,  PI.  I, 
in  pocket;  and  illustratiuna  of  fossils,  Pla.  XII  to  XXVI,  pp.  126-154,) 

Tej(m  (Eocene)  foitiU from  the  Santa  Maria  ilalrict,  California. 
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HONTEBEY   SHALE    (MIDDLE   MIOCENE). 

oxMXRAL  nAmmrr. 
A  great  series  of  fine  shales,  largely  of  organic  origin,  overlies  con- 
formably the  coarse  and  fine  sedimentary  deposits  of  the  Vaqueros. 
These  shales  make  up  the  Monterej'  formation  and  are  probably  rep- 
resentative of  the  whole  of  middle  Miocene  time.  The  series  is  of 
great  thickness  and  is  doubly  important  as  the  probable  source  ami 
the  present  reservoir  of  tlio  oil.  Tlie  areal  extent  of  tlie  Monterey  is 
not  adequately  represented  on  the  map.  It  doubtless  covers  as  one 
continuous  sheet  the  whole  basin  between  the  Santa  Ynez  and  San 
Rafael  mountains,  as  well  as  a  large  part  of  these  ranges,  but  it  is  con- 
cealed over  considerable  areas  by  later  deposits,  which  are  in  many 
places  very  thin.  The  character,  structure,  and  relations  of  the  Mon- 
terey have  been  the  chief  subject  of  the  j)resent  studj. 

The  name  Monterey  was  given  by  William  P.  Blake "  in  the  early 
fifties  to  an  organic  shale  formatiim  typically  developed  near  >ion- 
terey,  in  central  California.  It  is  very  extensive  in  tlic  California 
Coast  Ranges,  being  the  "bituminous  shale"  described  by  Whitney'' 
as  occurring  at  widely  separated  point.s  north  and  south  of  the  Golden 
Gate.  Its  age  is  generally  taken  as  middle  Miocene.  It  is  the  source 
of  much  of  the  petroleum  found  in  California.  The  shale  characteristic 
of  this  unique  formation  is  not  similar  to  ordinary  clay  shale,  but  is 
composed  largely  of  the  remains  of  minute  marine  organisms.     In  an 
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unaltered  condition  it  resembles  chalk,  but  is  of  siliceous  instead  of 
calcareous  composition. 

The  Monterey  in  the  part  of  California  treated  here  may  be  divided 
on  lithologic  grounds  into  two  parts,  although  there  seems  to  be  per- 
fect conformity  throughout  the  series.  There  is  no  definite  dividing 
line  to  be  drawn,  but  taken  as  a  whole  the  lower  half,  composed 
chiefly  of  hard,  metamorphosed,  in  places  flinty  shales,  is  distinct 
from  the  upper  half,  in  which  soft  shale,  giving  evidence  to  the  naked 
eye  of  its  organic  origin,  is  predominant, 
LowzB  sivuioa. 

The  fossiliferous  limestone  at  the  top  of  the  Vaqueros  is  overlain 
conformably  by  hard  calcareous  and  flinty  unfossiliferoua  shale  char- 
acteristic of  the  base  of  the  Monterey.  In  places  the  limestone  at 
the  top  of  the  Vaqueros  is  not  well  developed,  but  is  replaced  by  a 
series  of  thin-bedded,  in  the  main  fairly  hard,  siliceous,  calcareous, 
and  somewhat  argillaceous  shales  of  coarse  and  line  texture,  in  which 
no  well-defined  line  of  demarcation  between  the  two  formations  ia  to 
be  drawn.  The  Vaqueros  and  Monterey  terranes  taken  as  wholes 
are  distinct  units,  representing  periods  of  deposition  of  entirely  differ- 
ent character.  As  indicated  by  the  rocks,  deposition  was  continuous 
between  the  Vaqueros  and  Monterey  and  the  change  in  character 
came  suddenly,  although  less  so  in  some  places  than  in  others.  The 
general  nature  of  the  Vaqueros  series  is  detrital;  that  of  the  Mon- 
terey ia  organic.  The  former  contains  many  well-preserved  melius- 
can  forma,  the  latter  few.  Close  to  the  line  between  the  two,  beds 
predominatingly  of  a  gravelly  or  sandy  nature  or  those  bearing  fossil 
mollusks  are  considered  part  of  the  Vaqueros;  those  of  a  fine  texture 
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It  is  in  some  localities  banded  with  fine  white  laminaB  or  with  bands 
more  translucent  than  the  rest.  These  bands  run  parallel  with  the 
bedding,  and  commonly  show  intricate  contortions.  The  flint  frac- 
tures conchoidally.  From  the  flint  there  is  every  step  in  the  grada- 
tion through  rocks  of  less  hardhess  and  flinty,  compact  character  to 
soft  white  diatomaceous  shale.  The  soft  unaltered  shale  in  which  the 
constituent  diatom  tests  are  plainly  to  be  seen  occurs  sparingly,  how- 
ever, in  the  lower  division.  A  striking  example  of  its  occurrence  at 
that  horizon  can  be  found  at  the  very  base  of  the  Monterey  on  the 
San  Julian  ranch,  at  the  junction  of  El  Jaro  and  Salsipuedes  creeks, 
where  it  is  pure,  soft  diatomaceous  earth  in  thick  beds,  associated 
with  flint  and  lime  and  overlying  the  hard  fossiliferous,  calcareous 
conglomerate  of  the  Vaqueros.  The  specimen  of  analysis  3  (p.  45) 
is  from  this  point.  The  varieties  of  shale  are  very  numerous,  but 
there  is  no  departure  from  the  general  siliceous  and  calcareous  types 
so  peculiar  to  this  formation.  There  is  no  common  clay  shale  or  slate 
derived  from  it,  and  only  very  locally  is  there  an  appearance  of  a 
sandy  texture.  In  the  San  Rafael  Mountains  the  series  has  a  some- 
what different  character,  especially  at  the  base,  where  a  considerable 
amount  of  sandstone,  in  some  places  soft  and  in  others  quartzitic,  is 
interbedded  with  the  hard  calcareous  shales.  Hard,  coarse,  yellow 
and  grayish  volcanic  tuff  of  acidic  nature  is  interbedded  with  the  Mon- 
terey in  the  vicinity  of  Cuyama  River  (see  PI.  Ill,  -4),  and  elsewhere 
the  lowest  portion  of  the  formation  is  marked  by  beds  of  tuff  of  local 
extent.  At  the  east  end  of  the  Santa  Rita  Hills  the  Vaqueros  grades 
into  the  Monterey  through  beds  of  coarse  basic  tuff  composed  of 
small  fragments  of  glass  and  ciy^stals  of  various  kinds  and  of  large 
fragments  of  pumice.  Round  bowlders  or  nodules  of  verj^  fine  grained 
basalt  that  look  like  volcanic  bombs  are  included  in  this  tuff. 

The  series  of  hard  shales  of  the  lower  division  is  commonly  impreg- 
nated ^v^th  bituminous  material.  The  limy  beds  have  almost  uni- 
versally a  bituminous  odor  and  some  of  them  contain  pockets  of  tarry 
oil.  The  same  is  true  of  the  flint  with  the  difference,  however,  that 
the  limestone  is  impregnated  wdth  petroleum,  owing  to  its  porosity, 
whereas  the  oil  in  the  compact  flint  seems  more  commonly  to  be  con- 
tained along  lines  of  fracture  or  in  cavities.  The  great  mass  of  the 
hard,  brittle  shales  has  in  general  a  similar  odor  or  is  discolored  with 
oil.  This  hard  shale  series,  especially  the  lower  portion  of  it,  and  in 
[)laces  possibly  the  uppermost  sandstone  of  the  formation  just  below 
it,  ccmtains  the  principal  oil-bearing  zones  in  the  developed  fields. 
The  fact  that  this  shale  is  so  brittle  and  fractures  when  folded  has  an 
important  bearing  on  the  storing  of  oil  in  this  portion  of  the  Monterey. 
The  fracturing  produces  cavities  in  which  the  oil  can  collect  while 
the  .softer  unfractured  shales  adjacent  remain  more  or  less  impervious 
to  the  oil. 
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The  line  of  division  between  the  lower  and  upper  portions  of  the 
Monterey  is  rather  arbitrary,  yet  if  each  portion  is  taken  as  a  whole 
the  lithologic  distinction  is  marked,  and  the  separation  is  made  natural 
hy  the  area!  limitations  of  the  outcrops  of  one  or  the  other  in  various 
places.  Where  they  are  in  contact  a  conformity  between  the  two 
halves,  of  the  formation  is  evident  and  a  gradation  occurs  from  the 
porcelaneous  and  flinty  shales  of  the  lower  part  into  the  light-colored, 
earthy  beds  of  the  upper.  Such  is  the  occurrence,  for  instance,  near 
the  north  edge  of  the  hills  4  miles  west-southwest  of  the  town  of 
Ijompoc. 

The  greater  part  of  the  upper  division  is  made  up  of  white  or  light 
chfwolate-colored  diatomaeeous  shale,  usually  ot  light  weight  and 
porous,  but  grading  in  places  into  heavier  and  harder,  more  compact, 
brittle,  porcelain-like  shale.  The  soft  shale  is  extremely  fine  grained, 
rarely  being  at  all  gritty.  The  bedding  is  characteristically  very  thin, 
but  where  great  masses  of  the  soft  white  shale,  which  goes  by  the 
name  of  diatomaeeous  earth,  occur,  lines  of  l>edding  are  usually 
indistinguishable,  except  here  and  there  on  thin  projecting  laminie 
produced  by  weathering,  or  on  the  upper  surface  of  small  cavities 
due  to  the  eating  out  of  less  resistant  patches.  PI.  IV  illustrates  two 
characteristic  types  (»f  the  soft  unaltered  shale.  In  the  upper  view 
it  is  massive,  and  bedding  planes  are  almost  indistinguishable  except 
for  lines  brought  into  relief  by  weathering  and  erasion.  In  the  lower 
view  it  is  slightly  more  compact  and  lies  in  distinct  platy  layers. 
Major  bedding  planes  from  a  fraction  of  an  inch  to  several  inches 
apart  are  distinctly  apparent,  and  there  is  a  further  laminated  struc- 
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resemble  shale  in  its  thin  stratification^  the  great  diflPerence  being  in 
the  siliceous  instead  of  argillaceous  composition.  Locally  there  are 
beds  of  clayey  nature  in  the  upper  division  which  form  a  connecting 
link  between  the  "  chalk  rock/'  as  the  diatomaceous  shale  is  colloquially 
termed,  and  common  clay  ^ale.  Characteristic  oval  and  lenticular 
yellow  concretions  of  hard  lime  are  commonly  included  in  the  shale 
of  the  upper  divisicm.  They  range  in  diameter  from  a  few  inches  to  2 
feet  or  more.  In  many  places  they  occur  at  irregular  intervals  and 
of  irregular  size  along  a  bedding  plane,  locally  displacing  the  ordinary 
shale  and  interrupting  the  continuity  of  not  merely  one  bed  but  many 
thin  beds.     They  are  invariably  elongated  parallel  with  the  bedding. 

Volcanic  ash  is  interbedded  with  the  soft  shale  of  the  upper  divi- 
sion in  the  hills  immediately  south  of  Lompoc.  It  is  very  fine  grainedi 
soft,  and  imcompacted,  and  probably  corresponds  in  composition  to 
rhyolite.  It  somewhat  resembles  the  pulverulent  diatomaceous  earth, 
but  is  easily  distinguishable  by  its  grayish  color  and  grittiness. 

The  upper  portion  of  the  Monterey,  like  the  lower,  is  to  a  large 
ecii»nt  impregnated  with  bituminous  material.  It  is  apt  almost 
anywhere  in  tiiis  region  to  give  out  a  bituminous  odor  when  broken 
into  or  to  show  a  brownish  discoloration  due  to  the  presence  of  oil. 
In  places  the  shale,  otherwise  white,  is  specked  with  minute  black 
spots  of  bitumen.  Thin  sandy  layers  occur  sparingly  interbedded 
with  the  shale,  and  these  almost  without  exception  have  absorbed 
considerable  oil  and  have  a  dark-brown  color  and  strong  odor.  But 
these  beds  of  sand  are  veiy  rare  and  make  up  no  appreciable  propor- 
tion of  the  series. 

The  soft  varieties  of  the  Monterey  shale  are  almost  invariably 
alkaline  and  have  a  salty  taste.  They  contain  an  abimdance  of 
salts  easily  soluble  in  water  that  form  characteristic  wooly  coatings 
of  efflorescence  on  the  surface  of  outcrops.  This  is  especially  true 
near  the  summit  of  the  formation,  where  a  soft  claylike  gypsum- 
bearing  shale  locally  marks  the  contact  with  the  Fernando  above. 
This  gypsum  is  crystallized  in  plates  along  seams  and  bedding  planes 
much  like  the  gypsiferous  clay  of  the  Casmalia  Hills,  which  is  sup- 
posed to  be  Vaqueros  in  age.  Zones  of  gypsiferous  sliale  occur  also 
at  other  places  in  the  upper  division  of  the  Monterey,  but  it  is  not 
known  whether  there  are  any  single  horizons  at  which  it  is  constant. 
Where  the  gypsum  occurs  the  shale  is  usually  of  more  argillaceous 
character  and  bears  a  closer  resemblance  to  ordinary  clay  shales^ 
The  significance  of  this  alkalinity  in  the  Monterey  is  imknown. 
The  organic  shale  is  considered  to  be  of  marine  origin  in  fairly  deep 
water,  and  owing  to  the  almost  complete  absence  of  all  but  the 
finest  grained  detritus  the  alkalinity  can  not  be  considered  as  proof 
of  shallow-water  or  brackish-water  origin.  The  salts  may  ha-^^ 
some  relation  to  the  chemical  changes  involved  in  ibe  ptodxj^Vioii  dl 
petroleum. 
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DUTOMAOXOUB  SABTH  XXnsnH  <> 

The  infusorial  earth,  diatomaceous  earth,  diatomaceous  shale,  or 
tripoli,  as  the  same  material  is  varioiisly  called,  of  .which  the  upper 
division  of  the  Monterey  is  chiefly  compoeed,  ia  of  fairly  pure  quality 
in  this  region  and  of  considerable  economic  value,  especially  aa  it 
occurs  in  inexhaustible  quantities  close  to  transportation  facilities. 
The  areas  of  it  are  extended  and  the  series  of  strata  very  thick. 
Deposits  suitable  for  working  occur  in  the  hills  immediately  south 
of  Lompoc;  southwest  and  west  of  Lompoc;  along  the  river  east  of 
Lompoc;  in  tiie  northeastern  and  southeastern'  portions  of  Burton 
Mesa  and  "over  the  Purisima  Hills  east  of  it;  over  wide  areas  in  the 
Purisima  Hills  southwest,  south,  and  southeast  of  Los  AJamoe;  on 
the  southern  flanks  of  the  Santa  Rita  Hills;  1^  miles  north  of  the 
Santa  Ynez  Mission;  in  smaller  amoimts  near  the  east  edge  of  the 
area  mapped,  a  mile  north  of  Santa  Ynez  River;  underlying  the  San 
Antonio  terrace  south  of  Casmalia;  over  a  wide  region  southeast, 
east,  and  north  of  Casmalia;  on  Gracioaa  Ridge,  and  in  the  region 
extending  from  the  head  of  Howard  Canyon  to  a  point  southeast  of 
Sisquoc.  The  uses  to  which  this  material  can  be  put  are  numerous 
and  the  demand  for  it  is  increasing. 

uomroavnot  of  the  numaxT  bbalb. 


'  The  composition  of  the  Monterey  shale  ia  of  especial  interest. 
One  is  able  to  see  on  examining  the  soft  unaltered  variety  with  a 
hand  lens,  or  sometimes  even  with  the  naked  eye,  that  it  is  full  of 
small  round  dots  ruuging,  t^i  spt'iik  niuglity,  fmin  0.1  nun,  to  1  mm. 
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the  same  appearance,  as  if  formed  of  the  same  materials,  but  com- 
pacting and  crushing  seem  to  have  gone  a  little  further  so  as  to  obscure 
the  organic  remains.  Almost  all  the  shale  of  the  upper  division  of 
the  Monterey  contains  diatom  remains  where  it  has  not  undergone 
alteration  into  the  hard  varieties.  '  The  same  is  true  of  the  soft 
shale  wherever  it  occurs  in  the  lower  portion  of  the  formation,  the 
most  notable  example  being  at  the  very  base  of  the  Monterey  on  the 
San  Julian  ranch  east  of  the  junction  of  Salsipuedes  and  El  Jaro 
creeks,  where  it  is  associated  with  hard  flint  and  limestone  immedi- 
ately overlying  the  fossiliferous  limestone  and  conglomerate  of  the 
Vacjueros.     There  the  shale  is  earthy,  pure  white,  and  full  of  diatoms. 

When  the  shale  has  undergone  alteration  and  hardening  into  the 
porcelaneous  and  flinty  varieties  tlie  constituent  organic  remains  are 
usually  obscured,  but  here  and  there  even  in  tliese  the  impressions 
may  be  found  preserved.  Usually  an  examination  under  the  micro- 
scope reveals  scattering  circular  and  oval  areas,  of  sliglitly  different 
composition  or  character  from  the  surrounding  rock,  tliat  look  as  if 
they  might  represent  the  fonns  of  organisms.  In  speaking  of  the 
exposure  of  Monterey  rocks  between  the  mouth  of  Schumann  Canyon 
and  Lions  Head  on  the  southern  flank  of  the  Casmalia  Hills,  H.  W. 
Fairbanks  says:**  "The  basal  portion  of  the  series  is  composed  chiefly 
of  clear,  flinty  rocks,  showing  abxmdant  remains  of  organisms  visible 
to  the  unaided  eye."  And  in  speaking  of  the  harder  varieties  of 
Monterey  shale  in  general  of  the  Point  Sal  region  he  says:^  ''When 
examined  with  the  hand  lens  mucli  of  tlie  rock  is  seen  to  be  thickly 
specked  wath  little  round  dots,  averaging,  perhai)s,  a  millimeter  in 
diameter.  Under  the  microscope  *  *  *  the  circiihir  areas  did 
not  appear  as  numerous  as  in  the  hand  specimen,  and  were  only 
faint h^  distinguished  by  clearer  polarization." 

Aside  from  the  diatoms  the  rocks  of  the  Monterey  contain  remains 
of  minute  Foraminifera,  which  have  calcareous  frames,  and  Radio- 
laria,  which  secrete  silica  to  form  their  tests.  The  lattcT  are  present 
sparingly.  The  common  siliceous  shah*  contains  very  little  limc^  and 
no  Foraminifera  have  been  found  in  it  in  this  district,  although  they 
have  been  reported  from  the  typical  Monterey  shale  elsewhere. 
R.  M.  Bagg*"  found  66  species  belonging  to  17  genera  in  chocolate- 
colored,  soft,  fine-grained  shale  of  the  same  formation  near  Asuncion, 
San  Luis  Obispo  County.  J.  C.  Bramier  in  the  introduction  to 
Bagg's  paper,  describes  the  shale  as  follows:  "The*  shale  ])roper  also 
varios;  at  some  places  it  is  flinty,  at  others  it  is  somewhat  sandy, 
and  at  still  others  it  is  soft  and  chocolatt^-colored,  and  contains  an 
abundance  of  well-preserved  Foraminifera.     *     *     *     The  bulk  of 

«r,i-oIogy  of  Point  Sal:  Bull.  I)<^pt.  <Joolo|?y,  Univ.  California,  vol.  2,  No.  1.  1896,  p.  9. 

t  Op.  cit.,  p.  10. 

cMiooene  Foraminifera  from  the  Mouter(>y  shalo,  California:  Bull.  U.  S.  Oeol.  Survey  ^o.^Kil^  W)&. 
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this  sliale  is  made  of  diatom  akeletons.  *  *  *  Even  when  the 
rocks  are  flinty  they  often  contain  good  impressions  of  Foraminifera." 
Foraminifera  occur  in  the  partially  calcareous  shales  of  the  Santa 
Maria  district,  and  in  places  the  limestone  is  full  of  them.  In  some 
specimens  they  are  perfectly  preserved  and  various  kinds  may  be 
easily  seen  with  the  unaided  eye.  In  other  places  the  limestone 
shows  no  trace  of  organisms;  but  it  is  the  opinion  of  the  writers  that 
they  have  been  present  in  such  places  and  have  lost  their  shape,  and 
that  foraminiferal  skeletons  account  for  a  large  part  of  all  the  Mon- 
terey limestone  and  for  the  calcareous  portion  of  the  limy  shales. 
H.  W.  Fairbanks  says  in  his  paper  quoted  on  page  —  that  the  lime- 
stone of  the  Point  Sal  region  "appears  to  be  formed  almost  exclu- 
sively of  minute  organisms." 

Specimens  representing  different  varieties  of  the  Monterey  shale 
and  flint  wert;  sent  to  F.  J.  Keeley,  of  the  Philadelphia  Academy  of 
Natural  Sciences,  who  very  kindly  made  examinations  of  them  and 
reported  regarding  their  diatom  contents.  (See  Pis.  XIX  and  XX.) 
He  found  diatoms  plentiful  in  the  unaltered  earthy  shale  and  less  com- 
mon in  the  more  compact  shale  and  in  the  less  pure,  eitlier  gritty  or 
argillaceous  shale.  Sponge  sjiicules  were  common  in  all  the  samples, 
and  in  those  last  mentioned  they  were  more  abundant  than  diatoms. 
No  examination  was  made  of  the  indurated  varieties.  Mr.  Keeley 
was  unable  to  make  more  than  a  hasty  examination,  but  on  request 
he  estimated  roughly  that  the  purest  material  contained  from  5  to  10 
per  cent  of  diatoms  and  that  the  soft  shale  in  which  fewer  could  be 
seen  contained  possibly  1  per  cent.  He  found  a  few  Radiolaria  but 
3  Foraminifera  in  the  pure  siliceous  shale,  diatoms  and  next  to  them 
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Mr.  Beyer  says:  **The  deposit  consists  almost  entirely  of  C.  mar- 
ginatus  and  C.  robustus  of  various  sizes  and  often  without  rims.  It 
is  impossible,  in  certain  cases,  to  distinguish  between  these  two 
forms.  The  variety  intermedia  is  between  the  two  and  was  created 
by  Rattray.'^ 

The  second  slide  was  made  from  soft  shale  of  the  uppermost  por- 
tion of  the  Monterey,  from  the  Pinal  property  on  the  east  side  of 
Pine  Canyon,  on  the  north  flank  of  Graciosa  Ridge.  The  following 
diatoms  were  found: 

Coscinodiscus  oculus  iridis  Ehrenberg  (abundant)  (PI.  XI,  lig.  XIX). 
CoBcintKlisous  marginatus  Ehrenberg. 
Coecincxliscus  marginatus  var.  intermedia  Rattray. 
Coec'inodis<*U8  robustus  Grev.  (PI.  XX,  fig.  4). 
Coecinodiseus  radiatus  Ehrenberg. 
Cosc'inodiscusobscurus  A.  S.  (PI.  XX,  fig.  2). 
Coscinodiscus  nodulifer  Janisch. 
Coecinoiliscus  heteroporus  Ehrenberg.  - 
Coscinodiscus  8u])ti lis  Ehrenberg  (PI.  XX,  fig.  3). 
Actinoptychusundulatus  Ehrenberg  (rare)  (PI.  XX,  lig.  la). 
Arachnodiscus  ehrenbcrgii  var.  ealifoniiea  (^fragment ). 
Lithodesmium  comigerum  Brun.  (PI.  XX,  fig.  16). 

According  to  Mr.  Boyer  tliis  second  sample  consists  chiefly  of  frag- 
ments of  Coscinodiscus  oculus  iridis  Ehrenberg,  which  is  a  larger  and 
more  delicate  form  than  the  one  predominating  in  the  first,  and 
both  he  and  Mr.  Keeley  comment  on  the  peculiar  absence  of  it  there. 
The  difference  in  the  fauna  in  these  dilTerent  localities  is  of  interest, 
inasmuch  as  the  deposit  represented  by  the  first  slide  was  at  the  base 
of  the  Monterey  and  that  represented  by  the  second  near  its  summit. 

Besides  the  small  organisms  that  have  been  described  as  forming 
a  portion  of  the  shale  material,  and  the  less  abundant  organic  remains 
mentioned  on  pages  42-43,  the  deposits  of  Monterey  age  contain 
a  considerable  percentage  of  fine  siliceous  and  aluminous  matter, 
probably  of  detrital  origin,  in  the  shape  of  exceedingly  minute  clastic 
grains.  The  chemical  analyses  of  specimens  from  dilTerent  localities 
show  a  large  percentage  of  alumina,  the  presence  of  which  is  prob- 
ably the  result  of  fine  argillaceous  silt  set  thug  on  the  sea  bottom 
to  aid  in  the  formation  of  the  shale.  The  origin  of  the  silica  is  more 
in  doubt.  There  is  no  <|uestion  of  the  ])resence  of  a  large  amount 
of  siliceous  diatom  skeleton  material,  and  the  numy  fine-rounded  and 
angular  particles  of  (|uartz  revealcul  by  the  j)ohinzing  microscope  in 
the  unaltered  shale  indicate  that  th(»  sediments  derived  from  shore 
areas  carried  quartz  grains  also,  but  there  is  no  ])roof  as  to  which  of 
these  sources  supplied  the  bulk  of  the  silica,  of  which  the  shale  is 
mostly  composed.  Besides  the  recognizable  diatom  renuiins  it  is 
impossible  to  tell  how  much  of  the  shale  is  comj)osed  of  similar  skele- 
tons that  have  been  crushed  beyond  any  semblance  of  their  original 
form.     Comparatively  few  forms  are  perfectly  preserved,  most  of 
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those  observed  under  the  microscope  being  only  fragments,  and  this 
makes  it  probable  that  others  arc  still  more  fragmentary  and  in  a 
state  of  complete  demolition.  The  likelihood,  therefore,  is  that  a 
greater  proportion  of  the  pure  shale  than  5  to  10  per  cent,  as  roughly 
estimated  by  Mr.  Keeley  on  the  basis  of  visible  forms,  is  composed 
of  silica  derived  from  diatoms.  Radiolana,  which  are  scattered 
through  the  sliale  sparingly,  have  contributed  somewhat  to  the  organic 
silica.  Whatever  conclusion  one  should  come  to  would  apply  to  almost 
all  of  the  soft  unaltered  shale  of  the  siliceous  type  in  the  Monterey  of 
the  Santa  Maria  district,  as  t"his  type  is  fairly  constant.  liocally  it  is 
varied  l>y  an  increased  proportion  of  argillaceous  material,  causing  a 
greater  similarity  in  appearance  to  ordinary  clay  shale,  or  by  the 
presence  of  lime;  but  diatoms  are  visible  in  practically  all  of  it  and  the 
general  conditions  of  deposition  seem  to  have  l>een  the  same  through- 
out. The  conclusion  is  reached  elsewhere  (p.  47)  that  the  same  prob- 
able origin  may  be  assigned  to  all  the  siliceous  shales  of  the  Monterey, 
whether  hard  or  soft — or,  in  other  words,  to  by  far  the  greater  part  of 
the  formation. 

The  list  of  organic  constituents  of  the  shale  is  by  no  means  exhausted 
by  the  small  organisms  of  low  order  so  far  mentioned.  Another 
important  source  of  silica  lies  in  the  abundant  sponge  spicules,  which 
are  only  second  in  number  to  the  diatoms  and  which  are  scattered 
with  remarkable  persistency  throughout  the  shale.  In  the  slightly 
gritty  beds  of  soft  shale,  which  occur  sparingly,  these  spicules  even 
predominate  over  the  diatoms,  being  possibly  the  cause  of  the  grit- 
tiness.  They  seem  also  to  he  less  easily  obliterated  than  the  fragile 
diatom  shells  and  to  have  been  preserved  in  places  where  slight  alter- 
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less  purely  siliceous  varieties,  are  usually  full  of  small  brown  scales, 
spines,  and  fragments  or  impressions  of  nondescript  shape  which  are 
of  organic  origin  but  which  can  not  be  recognized  as  belonging  to  any 
particular  forms.  Here  and  there,  also,  large  bones  are  embedded 
in  the  deposits.  They  seem  to  be  those  of  whales  or  other  large  marine 
vertebrates. 

Taken  as  a  whole,  the  Monterey  shale  may  well  be  called  an  organic 
formation.  The  practically  complete  absence  of  coarse  sediments 
derived  from  erosion  and  the  abundance  of  fossil  organisms,  espe- 
cially of  siliceous  skeletons,  make  it  different  both  in  appearance  and 
composition  from  any  other  known  formation  of  comparable  thick- 
ness. The  unaltered  siUceous  shale  most  nearly  resembles  chalk,  but 
it  contains  only  a  small  proportion  of  Hme.  Whether  or  not  the 
organic  remains  compose  more  than  half  or  as  much  as  half  of  the 
deposit  can  not  be  stated. 

MICROSCOPIC     APPEARANCE. 

Under  the  polarizing  microscope  little  can  be  made  out  regarding 
the  structure  of  the  main  mass  of  the  soft  shale  and  compact  white 
shale.  The  groimdmass  seems  to  be  made  up  of  amorphous  colloidal 
silica  surroimding  minute  grains  which  are  both  crystalline  and  amor- 
phous, but  the  character  of  which  can  not  be  recognized.  Embedded 
in  this  are  ntunerous  imperfectly  angular  or  more  rarely  partially 
rounded  crystal  particles,  probably  of  quartz.  -Many  of  the  latter 
look  as  if  they  were  due  to  secondary  development  rather  than  origi- 
nating as  clastic  grains. 

In  the  more  flinty  varieties  the  rock  appears  to  have  undergone  par- 
tial and  local  crystallization  of  the  silica  throughout  its  mass.  In  the 
flint,  in  which  there  are  alternating,  usually  crumpled  bands  of  opaciue 
light-colored  flint  and  clear  amber-colored  or  black  flint,  the  opaque 
bands  are  composed  mainly  of  amorphous  material  like  that  of  the 
softer  shale,  but  in  a  much  more  compact  state,  and  the  translucent 
bands  are  mainly  crystalUne  aggregates.  The  opaque  bands  include 
crystalline  particles  and,  locally,  patches  of  crystal  grains  like  those 
of  the  clear  flint,  and  they  are  included  longitudinally  by  intermittent 
bands  of  the  clear  flint.  Furthermore,  they  are  in  many  spe^cimens 
of  a  pat<?hy  appearance,  parts  being  less  amorphous  than  others. 
The  bands  of  the  clear  flint  are  composed  chief iy  of  small  grains  of 
crystalline  quartz,  and  these  are  surrounded  by  a  liner  grained  aggre- 
fjate  of  crystalline  and  amorphous  particles.  The  quartz  grains  have 
neither  the  rounded  outUnes  of  waterworn  grains  nor  angular  crystal- 
line outUnes,  but  are  branching,  and  apj)ear  more  Hke  growths.  Angu- 
lar patches  of  the  amorphous  silica,  many  of  them  showing  signs  of 
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incipient  crystallization,  arc  included  in  tlie  clear  bands,^ivui(;a  breo 
ciatf^d  appearance.  The  bands  are'parallel  with  the  bedding  planes. 
They  are  commonly  followed  and  more  rarely  crossed  by  veins  of 
quartz  crystals. 

The  limestone  is  made  up  of  p;ranules  of  crystalline  calcite,  or  cal- 
cite  showing  the  begimiings  of  crystallization.  Included  in  tliis 
extremely  fine  grained,  uniform  groundmass  are  larger  but  yet  very 
small,  irregular  grains  of  crystalline  calcite,  and  in  places  long  spicules 
of  the  same.  In  some  specimens  the  granules  are  more  minute  than 
in  others  and  the  included  larger  grains  are  fewer.  In  still  others, 
crystallization  has  entirely  altered  portions  into  patclies  of  large, 
intergrown  crystals,  leaving  angular,  unchanged  patches  sharply 
marked  off,  .and  thus  giving  an  appearance  like  that  of  a  breccia. 
The  flinty  calcareous  shale  has  a  minute  granular  texture,  quartz 
grains  both  crystalline  and  semicrystalhne  being  associated  with  those 
of  calcite.  The  rock  usually  has  light  and  dark  bands  parallel  with 
the  l>edding,  the  light  bands  containing  more  quartz  and  liaving  the 
calcite  granules  less  close  together  than  the  darker  bands. 


The  subjoined  table  comprises  analyses  of  different  specimens  and 
varieties  of  Monterey  shale  from  the  Santa  Maria  district,  with  one 
(No.  5)  here  included  for  comparison,  of  a  sample  of  whit*  bitumin- 
ous shale  from  the  type  locahty  of  the  formation  at  Monterey,  farther 
north  on  the  California  coast. 

Tile  first  three  represent  typical  examples  of  the  unaltered  diato- 
maceous  shale  of  tlie  Monterey.     Nos.  3  and  2;  respectively,  are  analy- 
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DiatomaoeoiM  shAle. 

Flinty  shale. 

Lime- 
stone. 

1. 
65.62 

2. 

3. 
83.19 

1 

4.      '     5. 

1 

6. 

7.      1      8. 

86.92  1  92.37 
4.27  ,    2.46 

9.      '     10. 

1 

1 
97.02  ;    98.1 

Not 

det. 
1    Not 

11. 

8IO, 

72.50 
11.71 

2.35 

1 
fn.'iO  ,  8A.flD      f»  »t 

AljOa 

'    2.32 

FesOa  (total  iron) 



1 

1.28 

CaO 

.32 

.83 

1.88 

9.54 

1 
1.43 

1.60       1.70 
Traoo.  

,    dot. 

27.86 

MgO 

TraoB. 

i 

16.64 

JilkAliea  (NaiO,KiO). 

ii.66 

1    3..58 

2.48   

jgnition. 

1    4.80 

5.13  ;    2.74+ 
'      CO, 

1                 «.««««« 

■    i 

99.13 

100.39 

100.40  1    99.27 

1 

1 

1.  Soft,  white  diatomaceons  shale;  Pnrisima  Hills,  3)  mllos  southwest  of  Ilarris,  Santa  Barbara 
County,  Cal.    Analyst,  W.  T.  Schaller,  1907. 

2.  Bc»ft,  white  diatomaceous  shale;  Graciosa  Ridge,  3  miloR  southeast  of  Orcutt,  Santa  Barbara 
County.  ChI.    Analyst,  W.  T.  Schalier.  1907.    Approximate  analysis. 

3.  Soft.  whit«  diatomaceous  shale;  San  Julian  ranch,  at  junction  of  El  Jaro  and  SnlHipuodes  creeks, 
Santa  Bart>am  County,  Cal.    Analyst.  E.  C.  Sullivan,  1907. 

4.  Soft,  white  diatomaceous  shale;  San  Antonio  t4>rrace,  2  miles  south  of  Casmaiiu,  Santa  Barbara 
Count V.  CaL    Analyst,  E.  C.  Sullivan.  1907. 

5.  White  shale;  Montersy,  Monterey  County,  Cal.    Lawson,  A.  C,  and  Posada,  J.  do  la  ('.,  BulL 
Dept.  Geoloey.  Univ.  California,  vol.  1, 1803.  p.  25.    Specific  gravity,  1.8-2.1. 

fiw  Gray,  glassy  porcelain  shale;  from  same  hand  specimen  as  No.  4.    Analyst.  E.  C.  Sullivan.  1907. 

7.  White  porcelain  shale;  region  of  Point  Sal,  Sant«  Barbara  County,  Cal.    Analyst,  II.  W.  FtUr- 
banks.  Bull.  Dept.  Geology,  Univ.  CaUfomia.  voj.  2.  No.  1. 1896.  p.  12. 

8.  Opaaue  flint;  Point  Sal,  Santa  Barbara  County,  Cal.    Analyst,  II.  W.  Fairlmntcs,  lex?,  cit. 

9.  Ilara,  black,  clear  flint;  1}  miles  west  of  Zaca,  Santa  Barbara  County,  Cal.    Anaij'vt.  E.  C.  Sulli- 
van. 1907. 

10.  Hard,  black,  clear  flint;  Point  Sal,  Santa  Barbara  Countv,  Cal.    Analyst,  II.  W.  Fairbanks,  loc. 
dt. 

11.  Bituminous  limestone;  Bedrock  Mountain,  northeast  of  Lompoc,  Santa  Barlmra  County,  CaL 
Analyst,  George  Stoiger,  1907. 

ALTERATION. 

The  differences  in  character  and  composition  between  the  soft  and 
hard  varieties  of  the  Monterey  shale  have  been  broii<^ht  out  in  the 
forejroing  di.sciission.    The  question  arises,  To  w-hat  are  these  (Hffer- 
ences  due?    It  is  difficult  to  give  a  decisive  answer.    The  main  differ- 
ence's in  the  gradations  from  the  soft  to  the  hard  shales  lie  in  the 
siliceousneas,  compactness,  hardness,  and  degree  of  crystallization. 
Taken  as  a  w^hole  the  lower  division  is  made  up  largely  of  hard  shale 
and  the  upper  of  soft  shale,  but    gradations    from  one  variety  to 
another  within  an  extremely  small  space  o(;cur  in  both  divisions. 
In  some  places  a  thick  series  of  beds  of  similar  character  is  marked 
off  from  a  series  of  different  character.    Elsewhere  a  variation  occurs 
l>ed  by  bed,  or,  in  still  other  places,  a  single  bed  or  lens  of  shale  of 
one  variety  is  included  within  another  kind.    The  softer  varieties 
contain  at  many  points  small  lenses  of  hard,  brittle,  or  seiniflinty 
.shale  elongated  parallel  with  the  bedding,  or  strata  in  which  lenses 
are  strung  along  at  irregular  intervals,  or  single  small  beds  com- 
posed entirely  of  harder  material.    In  such  occurrences  there  seems 
to  be  a  gradation  from  one  variety  to  the   other,  and  the  outlines 
of  the  hard  layers  are  not  regular  or  very  definite.    For  example, 
the  diatom-bearing  shale  of  chemical  analysis  No.  4  and  the  glassy 
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opaline  rock  of  analysis  No.  6  were  samples  taken  from  the  same 
hand  specimen  witliin  1  inch  of  each  other.  The  mass  of  the  deposit 
from  which  the  specimen  came  was  soft  white  shale  belonging  high 
in  the  formation  and  contained  a  rough  layer,  a  few  inches  thick,  of 
the  harder  material  between  two  beds  of  the  soft  rock. 

The  soft  shale  has  been  described  in  the  preceding  pages  as  "unal- 
tered," and  in  refeiriiig  to  the  harder  varieties  different  degrees  of 
"alteration"  have  been  mentioned,  for  the  reason  that  the  best 
explanation  of  the  origin  of  the  harder  rocks  appears  to  be  that  they 
are  products  of  metamorphism  of  the  soft  variety.  It  is  believed 
that  the  soft  white  and  chocolate-colored  organic  shale  represents 
the  original  state  of  the  beds  of  the  whole  formation,  and  that  a  proc- 
ess of  silicification  and  crystallization  has  caused  the  changes,  this 
process  liaving  been  aided  pitssibly  by  structural  disturbances  and 
pressure.  The  beds  of  soft  shale  are  usually  found  in  attitudes  only 
gently  disturbed,  whe~eas  the  harder  shale  is  most  commonly  much 
folded  and  is  invariably  the  component  rock  of  folds  whei-e  the 
forces  have  been  especially  uttense.  This  fact  may  throw  light  on 
the  problem  of  the  alteration  of  the  shale,  and  yet  it  may  be  simply 
the  outcome  of  the  removal  of  the  softer  portion  of  the  formation 
in  tlie  regions  of  greatest  uplift  and  disturbance.  The  chief  agent 
in  causing  the  change  was  probably  infiltrating  water  carrying 
silica  in  solution.  In  some  places  the  process  may  have  been  simply 
or  largely  infiltration  in  th"  extremely  porous  original  shale  and 
deposition  of  silica  in  the  interspaces,  thus  giving  rise  to  hardened 
and  compacted  irregular  granular  aggregates  of  the  original  amor- 
phous Hilica  and  the  new  crystalline  silica  combined,  the  result  I>eing 
>  total  pcrceiilago  oC  silica.    In  more  [-.Ktreme  c 
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liil  might  ha^B  beeQ|  and  the  more  or  less  completdj  cryBtalline 
character  of  the  harder  shales  shows  that  metamorphism  has  taken 
idaoe.  The  most  plausible  theory,  therefore,  is  that  the  Monterey 
shale  as  originally  laid  down  was  fairly  constant  in  character  and 
tiiat  it  has  undergone  alteration  extensively,  as  well  as  very  locally, 
through  the  agency  of  siliceous  waters,  the  older  portions  of  the 
fonnation,  and  possibly  the  more  disturbed  portions,  having  been 
most  generally  subjected  to  the  change.  The  limestone  has  in 
places  been  altered  after  a  fashion  somewhat  similar  to  that  of  the 
siliceous  shales,  being  changed  to  marble,  probably  as  the  result  of 
sdution  and  redeposition. 

The  Monterey  rocks  likewise  show  the  result  of  contact  metamor- 
phism to  a  very  local  extent  in  the  vicinity  of  the  diabase  intrusions. 
Tlie  process  seems  to  have  been  largely  one  of  consolidation  through 
baking.  A  Hmestone  specimen  obtained  near  the  diabase  intrusion 
north  of  Zaca  Peak,  in  the  San  Rafael  Mountains,  gives  an  excellent 
illustration  of  shearing.  The  calcite  crystals  have  all  been  arranged 
parallel  and  greatly  elongated,  so  as  to  give  the  rock  a  schistose 

structure. 

iravoiinti  avd  THxcorsaa. 

The  Monterey  has  nowhere  been  left  undisturbed.  In  places  it 
haa  been  but  gently  folded.  Pis.  IV  (p.  36),  VIII,  B  (p.  78),  and  IX 
Q>.  80)  show  examines  of  moderate  tilting.  But  at  other  places,  as 
at  that  pictured  in  PI.  VI,  B  (p.  46),  it  has  been  thrown  into  folds 
so  sharp  and  closely  spaced  that  the  succession  of  the  beds  and 
thickness  of  the  series  are  difficult  to  make  out.  The  details  of  its 
structure  are  discussed  under  the  heading  ** Structure''  (pp.  76-78). 
The  thickness  of  the  whole  series  is  at  least  5,200  feet.  Each  of  the 
two  divisions  comprises  a  maximum  known  thickncvss  of  2,600  feet. 
No  single  complete  section  of  the  whole  could  be  obtained. 

EViDKMOE  OF  AGE. 

A  paucity  of  recognizable  molluscan  fossils  is  one  of  the  prominent 
characteristics  of  the  Monterey  in  this  region,  as  in  most  others  in 
the  Coast  Ranges  where  it  outcrops.  Moreover,  the  other  fossils 
that  it  contains  are  of  little  value  in  indicating  its  age.  Its  position 
in  the  geologic  column  is  determined  by  the  lower  Miocene  fossils 
found  just  below  its  base  in  tlie  Vaqueros  and  by  the  upper  Miocene 
fossils  found  at  or  near  the  base  of  the  Fernando  fonnation,  which 
lies  imconformably  above  it. 

The  following  two  species  of  mollusks  occxir  in  the  Monterey 
diatomaceous  shale  on  the  road  just  above  the  Pinal  Oil  Company's 
office,  southeast  of  Orcutt:  Area  aff.  irHineata  Conrad,  Phacaidea 
aff.  acuiilineaius  Conrad. 
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At  many  different  places  in  the  Santa  Maria  district  and  elsewhere 
the  oil-bearing  shale  has  been  burnt  to  a  pink  or  deep  brick-red  color, 
or  turned  into  a  hard  vesicular  rock  like  scoriaceous  lava,  as  shown 
in  PI.  V,  B,  p.  36.  This  metamorphisni  is  due  to  the  combustion  of 
the  hydrocarbon  content.  Though  the  combustion  is  usually  local 
in  its  effects,  the  number  and  wide  distribution  of  the  occurrences  of 
burnt  shale  lend  importance  to  the  phenomenon.  Such  altered  shale 
is  of  some  value  as  indicating  where  the  rock  has  been  bituminous 
'  and  where  the  conditions  have  favored  the  occurrence  of  seepages. 

LOCALITIES   WHBRK  TSB   BHALK   18   AT   PRBBKNT  BUKHINU. 

A  number  of  localities  have  been  observed  at  which  combustion 
is  at  present  or  has  been  in  recent  years  in  progress  within  the  Mon- 
terey shale.  One  of  these  is  on  the  north  side  of  Graciosa  Ridge, 
south  of  the  Santa  Maria  Valley,  near  the  Rice  ranch  oil  well  No.  1. 
When  this  locality  was  visited  by  the  writers  early  in  the  autiuun 
of  1906,  a  fire  was  burning  underground  in  the  shale,  causing  a  smoke 
of  disagreeable  odor  to  issue  from  the  surface  and  making  the  ground 
hot  over  an  area  of  many  square  yards.  Oil  was  oozing  up  at  various 
points  near  by,  and  the  ground  was  heated  in  the  neighborhood  of 
all  these  seepages.  The  holes  from  which  vapor  issued  were  coated 
with  delicate  crystals  of  sulphur.  At  the  point  where  the  burning 
was  actually  going  on  and  all  about  in  the  vicinity,  for  a  distance 
of  several  hundred  feet  in  some  directions,  the  shale  was  altered  to 
a  bright-red  color,  or  baked  almost  to  the  hardness  of  compact  igneoua 
rock,  or  rendered  vesicular  like  lava. 
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olsolfataras  and  haTtt  giyieii  rise  to  the  o{muoh  tliat  Tolcanic  activity 
is  presant  in  this  region.  This  so-called  "Rincon  volcano"  existed 
before  1855,  being  referred  to  in  the  Pacific  Railroad  reports;  this 
shows  that  the  burning  has  continued  a  long  time. 

TmOAL  OCX7UBBB1ICB8  OT  BUBNT  SHAUB. 

m 

Outcrops  of  burnt  shale  occur  in  eight  or  ten  localities  in  the  Santa 
Ifaria  district.  The  best  examples  are  at  various  places  along  the 
ridge  of  the  Casmalia  Hills  from  a  point  south  of  Schumann  to 
Waldorf;  on  the  north  and  south  sides  of  Graciosa  Ridge;  and  on 
Redrock  Mountain  4  miles  southeast  of  Los  Alamos.  In  each  of 
these  r^ons  every  stage  of  alteration  is  exhibited,  from  the  slightly 
discolored  shale  to  hard  slaglike  rocks  of  varjdng  shades  of  red  and 
black.  The  area  of  altered  shale  in  the  different  localities  ranges 
from  about  a  hundred  square  feet  to  a  half  a  square  mile  or  more,  as 
at  Redrock  Mountain.  In  each  the  burnt  rock  is  surrounded  by  unal- 
tered, usually  soft,  white,  diatomaceous  shales  which  in  most  places 
show  the  planes  of  stratification.  At  no  point  observed  was  a  sign 
of  stratification  left  in  the  baked  shale.  In  every  occurrence  the  shales 
in  the  neighborhood  are  bituminous  and  asphalt  deposits  are  usually 
adjacent. 

The  laigest  area  of  altered  shale  is  on  the  summit  and  surrounding 
ridges  of  Redrock  Monntain.  This  is  the  highest  of  the  hills  in  the 
basin  region  between  the  San  Rafael  and  Santa  Ynez  mountains, 
being  1,968  feet  above  the  sea;  the  height  of  most  of  the  summits  in 
the  vicinity  is  from  1,000  to  1,500  feet.  Redrock  Mountain  seems  to 
owe  its  prominence,  at  least  in  part,  to  the  metamorphosed  shale  that 
forms  its  summit.  Likewise,  in  the  800-foot  hill  on  the  southeast  side 
of  Schumami  Pass,  the  capping  of  this  same  character,  resembling ' 
volcanic  rock,  seems  to  have  caused  the  topographic  relief.  The 
metamorphism  in  these  localities  probably  took  place  a  long  time 
ago.  At  Redrock  Mountain  great  deposits  of  asphalt  are  in  places 
in  contact  with  the  altered  shale,  and  there  is  a  large  area  of  shale 
impregnated  with  bitumen. 

DEPTH  TO   WHICH   ALTERATION   HAS   EXTENDED. 

The  depth  to  which  alteration  has  extended  below  the  surface  in 
these  occurrences  is  difficult  to  determine.  A  cliff  of  burnt  shale 
50  to  100  feet  high  is  exposed  4}  miles  due  south  of  Guadalupe,  and 
the  difference  of  elevation  of  points  in  the  Redrock  Mountain  neigh- 
borhood where  the  altered  rock  outcrops  amounts  to  several  hundred 
feet.  That  such  metamorphism  of  the  shale  has  not  been  solely  a 
surface  phenomenon  is  shown  by  the  fact  that  burnt  shale  has  been 
found  at  considerable  depths  in  drilling.  Mr.  Orcutt,  of  the  Union  Oil 
Company,  exhibited  samples  of  red  shale,  coming  from  deplYia  ol  %fiK^ 
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to  1 ,040  feet  below  the  surface  in  Hill  well  No,  1 ,  in  the  Lompoc  field, 
which  are  identical  in  appearance  and  texture  with  the  burnt  shale 
elsewhere.  Traces  of  petroleum  were  associated  with  the  upper 
stratum  of  burnt  shale  in  this  well.  In  numerous  other  wells  in  the 
Santa  Maria  field  red  shale,  doubtless  burnt,  was  found  at  depths 
ranging  between  90  and  .l.'iO  feet  below  the  surface.  The  hardening 
consequent  on  the  burning  has  in  some  places  rendered  the  rock  dif- 
ficult to  pierce  with  the  drill. 


The  burnt  shale  exhibits  all  stages  of  change  from  a  slight  indura- 
tion and  discoloration,  due,  probably,  to  oxidation  of  iron,  to  an 
extreme  hardening  and  partial  fusion.  Where  slightly  altered,  the 
normal  white  shale  assimies  a  light-pink  color.  From  this  stage  it 
passes  through  various  shades  of  rose  and  brick-red  and  deepens  in 
color  to  a  reddish,  bluish,  or  greenish  black,  or  even  a  true  black.  In 
the  advanced  stages  of  change  it  becomes  a  rough,  brittle,  reddish,  ■ 
porous  slag,  like  vesicular  lava,  or  a  verj'  hard,  compact,  dark,  and 
dull-colored  rock,  looking  something  like  a  compact  igneous  rock. 
An  example  of  partly  vesicular  and  partly  compact  burnt  shale  is 
shown  in  PI.  V,  B  (p.  36).  Burnt  shale  is  not  cn'stalline,  but  the 
texture  is  so  variable  as  to  give  a  patchy  appearance  to  surfaces.  In 
one  place  it  may  be  compact  and  black,  nearly  full  of  irregular  cavi- 
ties, surrounded  by  patches  of  different  colors;  in  another,  vesicular 
and  reddish.  Whereas  the  weight  of  the  original  shale  is  slight,  the 
lighter  varieties  having  a  specific  gravity  less  than  that  of  water,  the 
!xcessively  burnt  shale  is  very  heavy.     The  material  has  evidently 
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The  likeness  of  varieties  of  the  burnt  shale  to  volcanic  rocks  is  indi- 
cated by  the  fact  that  Thomas  Antisell,  in  his  account  of  the  geology 
of  the  Coast  Ranges  in  the  Pacific  Railroad  reports,"  describes  "scori- 
aceous''  and  "amygdaloidal  lava,"  "whitish-gray,  hard  trachytic 
rock,"  "volcanic,"  and  "igneous  rocks"  in  the  region  of  Santa  Ynez 
River,  evidently  having  reference  to  the  burnt  shale.  He  considered 
these  rocks  to  be  eruptive  masses,  forming  the  oldest  and  axial  rocks 
of  the  hill  ranges,  whereas  they  are  part  of  the  Monterey  shale,  which 
overlies  the  basement  formation.  He  regarded  the  associated  diato- 
maceous  shales  in  some  places,  although  not  in  others,  as  "magnesian" 
and  "tremolite"  rocks  of  igneous  origin,  and  refers  to  the  placets 
where  the  shale  is  burning  as  examples  of  present  volcanic  activity. 

CAUSE    OF   THK    ALTERATION. 

There  can  be  little  doubt  that  the  burnt  condition  of  the  shale  is 
in  all  places  the  result  of  heat  produced  by  combustion  of  its  hydro- 
carbon content.  The  phenomenon  is  confined  to  the  Monterey  shale, 
which  is  the  source  of  a  large  part  of  the  California  petroleum,  and 
to  those  regions  in  which  this  formation  is  extremely  bituminous. 
The  shale  in  many  such  places  is  impregnated  with  petroleum  and 
the  cracks  partially  filled  with  it.  The  areas  of  altered  shale  are 
almost  invariably  situated  in  the  vicinity  of  oil  seepages,  which 
usually  denote  a  fractured  condition  of  the  rocks  such  as  would 
allow  fire  to  spread  and  be  supported.  The  observance  of  fires 
actually  in  progress  in  the  shale  and  the  changes  that  have  taken 
place  in  the  neighboring  rocks — changes  in  every  way  similar  to 
those  in  localities  where  no  fire  exists  at  present — give  the  l)est  clues 
to  the  manner  in  which  the  shah*  ha,s  been  baked  in  other  places.  It 
is  difficult  to  conceive  another  source  of  heat  sufiic'i(*nt  to  cause  local 
baking  of  the  shale  in  otherwise  unaltcTcnl  strata  at  a  depth  of  1,000 
feet  below  the  surface  in  such  a  cawse  as  has  been  mentioned.  Prob- 
ably there,  as  on  the  surface,  it  was  due  to  ignition  of  bituminous 
material.  It  is  probable  that  fire  started  in  the  petroliferous  shale 
at  the  surface  and  threaded  its  way  downward  along  cracks  partially 
filled  with  bitumen.  The  failure  to  smother  the  lire  in  the  shale  on 
Graciosa  Ridge,  previously  noted,  indicates  that  such  fires  are  able 
to  sur\uve  with  a  small  air  supply.  On  the  other  hand,  if  the  above 
theory  is  correct,  it  indicates  that  a  considerable  amount  of  oxygen 
may  l>e  present  in  the  rocks  at  such  a  depth. 

In  this  connection  it  may  be  mentioned  that  the  t(»mperature  in  a 
well  near  the  one  in  which  the  burnt  shale  was  found  was  152°  F., 
at  a  depth  of  3,600  feet.  The  cause  of  ignition  may  be  kindled  fires, 
lightning,   or  the  spontaneous  combustion  of  the  hydrocarbons  or 

a  Explorationa  and  surveys  tor  tfao  P&cifio  Railroad,  vol.  7, 1&57,  pp.  ^^1*2. 
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surface  vegetation.  Many  of  the  recent  cases  of  burning  are  directly 
traceable  to  the  first  cause,  but  for  those  which  may  have  taken  place 
before  the  advent  of  man  either  the  second  or  third  cause  will  have 
to  be  invoked. 


As  already  mentioned,  the  marked  influence  of  the  hardened  shale 
on  the  topography  in  certain  places  indicates  that  it  originated  in 
those  places  a  long  time  ago.  The  age  of  some  of  the  burnt  shale  is 
further  shown  by  the  presence  of  numerous  fragments  of  it  at  a 
depth  of  at  least  10  feet  below  the  surface  in  horizontal  beds  of  Pleis- 
tocene age.  These  beds  consist  of  sand,  clay,  and  rough  gravel,  and 
form  the  low  hills  between  Guadalupe  Lake  and  the  high  hills  to  the 
west.  The  fragments  of  shale  are  little  worn  and  evidently  of  local 
derivation,  having  possibly  come  from  the  cliffs  already  mentioned 
south  of  Guadalupe.  The  fact  that  the  Monterey  shale  has  under- 
gone this  kind  of  baking  in  Pleistocene  as  well  as  in  recent  time  indi- 
cates further  that  the  accumulation  of  the  oil  and  its  dissemination 
in  the  surface  rocks  took  place,  or  were  taking  place,  before  the 
latest  orogenic  movements  in  this  coastal  region. 

FERNANDO    FORMATION    {MIOCENE-PLIOCBNP.-PLEISTOCENE). 


The  name  Fernando  was  first  applied  bj-  Homer  Ilamlin  to  a  series 
of  rocks  overlying  the  Monterey  in  the  San  Fernando  Valley,  Los 
Angeles  County,  The  formation  has  since  been  recognized  by 
Eldridge  and  Axnold"  in  the  region  of  the  Puente  Hills,  I^os  Angeles, 
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Barbsm  Conntyy  where  it  was  deposited  in  the  old  basin  between  the 
Santa  Tnez  and  San  Rafael  ranges.  It  covers  up  the  Monterey 
oYer  the  greater  part  of  the  basuiy  and  as  its  structure  in  most  places 
there  confonns  approzimatelj  to  that  of  the  Monterey,  it  is  a  fairly 
good  key  to  the  folding  that  has  taken  place  in  this  imderlying 
formation.  The  relation  between  the  Monterey  and  Fernando  is  of 
a  somewhat  perpleidng  nature.  An  imconformity  in  dip  between 
the  two  was  not  to  be  definitely  made  out  on  examination  of  the 
exposed  contact  in  any  part  of  the  central  basin,  because  of  the 
hct  that  the  Monterey  and  Fernando  were  subjected  practically  to 
the  same  moyements  over  a  large  part  of  the  region.  Lithologic 
similarity  of  parts  of  the  Fernando  to  the  Monterey  is  also  an  obstacle 
to  their  differentiation.  But  pebbles  of  Monterey  shale  and  flint, 
showing  here  and  there  pholas  borings  and  giving  evidence  of  marine 
deposition,  are  abundant  in  the  Fernando.  In  fact,  the  greater  part 
of  the  coarse  detrita)  material  of  the  Fernando  conglomerate  is 
derived  from  the  Monterey,  proving  that  its  period  of  deposition 
was  one  of  erosion  in  the  previously  deposited  shale,  that  it  followed 
the  uplift  above  sea  level  of  a  portion  of  the  Monterey,  and  that  it 
was  subsequent  to  the  formation  of  the  flint  in  that  shale  series. 
The  importance  of  the  break  between  the  two  is  indicated  by  the 
change  in  character  of  the  deposits  from  oi^ganic,  probably  deep- 
water  sediments  almost  free  from  erosional  debris  to  sandy  and 
gravelly  deposits  derived  from  the  wearing  away  of  hard  land  areas. 
This  change  was  hardly  as  marked  as  that  occurring  in  the  reverse 
order  at  the  close  of  Vaqueros  time,  although  it  accompanied  what 
was  probably  a  greater  time  and  structural  break.  The  apparent 
structural  conformity  between  the  Monterey  and  Fernando  at  most 
places  within  the  basin  region  is  probably  due  to  the  previously 
almost  undisturbed  attitude  of  the  shale  upon  which  the  Fernando 
was  laid  down  and  the  subsequent  disturbance  of  both  formations 
at  the  same  time.  But  remnants  of  the  Fernando  left  around  the 
border  exhibit  less  conformity  with  tlio  underlying  Monterey,  owing 
doubtless  to  the  fact  that  the  shale  of  the  latter  was  upheaved  around 
the  edges  of  the  basin  to  form  the  mountains  bordering  it  during 
the  period  intervening  between  the  close  of  Monterey  time  and  the 
beginning  of  deposition  of  the  Fernando. 

The  chief  importance  of  the  Fernando  in  connection  with  studies 
of  this  oil  field  is  derived  from  the  facts  that  it  hides  the  oil-bearing 
formation  over  a  wide  area;  that  it  affords  through  its  structure, 
however,  a  clue  to  the  structiu'e  of  the  underlying  Monterey;  and 
that  it  acts  as  a  reservoir  for  oil  (Arroyo  Grande  field)  and  as  a  recep- 
tacle for  escaping  bituminous  material.  In  the  last-mentioned  way 
it  gives  origin  to  asphalt  deposits  of  economic  value  and  to  cappingjs 
of  hard  asphalt  that  may  be  of  significance  as  an  aid  in  tYkb  T^V/^Ti\Afiiii 
of  the  di,w2lhia  the  Maaterey. 
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UTBOLOOIO  OHAKAOIXR. 

This  foimation  ia  tnappe<l  as  a  unit,  although  it  rertainly  rep- 
resents a  long  period  during  which  sedimentation,  continuous  in 
the  region  as  a  whole,  was  locally  intermittent  and  carried  on  under 
differing  conditions,  owing  to  the  differential  elevations  to  which 
the  region  was  subjected.  The  stratum  resting  upon  the  Monterey 
in  one  place  is  apt  to  be  absent  in  another,  whore  an  overlap  of  one 
or  another  stratum  may  occur.  The  lowest  recognized  Fernando 
rocks  occur  south  of  Sisquoc,  where  the  Monterey  is  overlain  by  a 
bed  of  brecciat«d  and  waterwom  shale  derived  from  it  and  cemented 
bj'  argillaceous  sand,  above  which  lies  about  200  feet  of  fine  sand, 
succeeded  by  a  50-foot  layer  of  diatoraaceous  shale  that  is  indistin- 
guishable from  that  of  the  Monterey.  Above  this  shale  the  series 
grades  up  through  about  600  feet  of  fine  white  and  yellow  sand  and 
coarse  sand,  until  a  bed  of  conglomerate  is  reached.  At  other  places, 
as  south  of  Waldorf  an<l  south  of  Harris,  the  lowest  stratum  found 
at  Sisquoc  is  either  wanting  or  of  minor  importance,  and  beds  of  dia- 
tomaceous  shale  lie  conformably  over  the  Monterey  shale,  making 
the  dividing  line  very  hard  to  find.  West  of  Waldorf  the  contact 
is  marked  for  miles  by  a  bed  of  hrecciated  Monterej-  shale  of  coarse 
and  fine  fragments,  in  places  cemented  into  a  haril  amalgam  by  a 
paste  of  bituminous  material.  Here  the  overlying  beds  are  made 
up  of  fine  shale  and  sand  and  pebbly  sandstone,  which,  though  actually 
separat^'d  by  an  important  unconformity  from  the  Monterey,  as 
indicated  by  the  hrecciated  zone  and  the  abundance  of  pebbles  of 
that  formation  in  them,  are  conformable  in  dip  with  the  underlying 
beds.     A  still  younger  series  of  fossiliferous  shale  and  sand  marks 
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It  would  be  difficult  to  work  out  the  limits  of  the  area  that  this 
remnant  covers.  In  all  probability  it  is  very  small,  and  it  has  not 
been  shown  on  the  map.  This  shale  here  forms  the  base  of  the 
Fernando.  A  pebbly  layer  with  constituent  well-worn  pebbles  of 
Monterey  shale  embedded  in  sand  has  aided  in  the  accumulation  of 
asphalt  on  the  summit  of  the  ridge  near  by,  where  it  probably  marks 
the  basal  line  of  the  Fernando  formation. 

Above  the  soft  diatomaceous  or  gritty  shale  and  fine  white  sand 
that  is  conunon  at  or  near  the  bottom  of  the  Fernando  the  bulk  of 
the  formation  is  composed  of  rather  loosely  consolidated  fine  white 
and  yellow  sand  and  coarser  gray  sand  that  grades  here  and  there 
into  thick  beds  of  loose  conglomerate.  The  conglomerate  is  made 
of  well-worn  pebbles,  mostly  of  flint  and  hard  shale,  embedded  in  a 
coarse  sandy  matrix.  Locally  the  sand  and  conglomerate  are  ex- 
tremely hard,  owing  usually  to  the  presence  of  a  large  number  of 
molluf^  shells  from  which  a  calcareous  cement  has  been  derived. 
The  most  prominent  bed  of  conglomerate,  and  one  that  seems  to  be 
constant  over  the  whole  region,  occurs  from  800  to  1,000  feet  up  in 
the  aeries  (above  the  lowest  horizon)  just  north  of  Canada  de  los 
Alisos,  on  La  Ijaguna  grant.  What  is  probably  the  same  bed  is  well 
ezpoeed  in  cliffs  west  of  Canada  Laguna  Seca,  li  miles  south  of  the 
Lob  Alamos  Valley.  This  loose  aggregate  of  sand  and  pebbles  in 
alternating  strata  of  coarse  and  fine  material  is  dominantly  com- 
posed of  the  light-colored  pebbles  of  Monterey  shale.  Pebbles  of 
other  varieties  occur  more  sparingly.  Above  the  conglomerate  lies 
a  stratiun  of  limestone  that  is  constant  over  the  whole  region  and 
seems  to  mark  a  division  in  the  Fernando.  There  are  two  or  more 
massive  beds  of  hard  limestone  interbedded  with  soft,  gray,  very 
alkaline,  earthy  material,  making  a  total  thickness  ranging  from  10 
to  perhaps  50  feet.  Its  fossils  indicate  that  it  is  of  fresh- water 
origin,  and  possibly  it  marks  the  base  of  a  fresh  or  brackish  water 
series.  The  portion  of  the  Fernando  overlying  this  limestone  prob- 
ably corresponds  to  the  fresh-water  Paso  Robles  fonnation  of  the 
Salinas  Valley  described  by  Fairbanks  in  the  San  Luis  folio.  In 
some  places  where  this  higher  portion  of  the  Fernando  above  the 
limestone  has  not  been  worn  away,  it  is  found  to  consist  of  little- 
consolidated  beds  of  fine  sand,  gravel,  and  clay  that  look  as  if  they 
might  have  been  laid  down  in  fresh  water,  but  no  proof  of  their 
origin  has  been  foimd.  Such  beds  are  well  exposed  in  the  foothills 
of  the  San  Rafael  Range  north  of  Santa  Ynez,  where  they  weather 
characteristically  into  cliffs  at  the  summit  of  hills.  A  view  of  such 
in  exposure  is  given  in  PL  VI,  A  (p.  46),  which  affords  a  good  idea  of 
the  rough  alternating  beds  of  coarse  material.  No  good  lithologic  or 
paleontologic  criteria  are  known  by  which  this  series  may  be  ae^^r 
rated  from  the  lower  portion  of  the  Fernando,  and  ihey  ate  O^i&t^ 
tare  mapped  ms  a  unit. 
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Aa  has  been  stated,  the  Fernando  ia  generally  so  nearly  conform- 
able w-ith  the  Monterey  that  it  is  difficult  to  draw  a  line  between 
them  on  the  basis  of  a  discrepancy  in  dip.  Nevertheless,  it  is  in 
general  true  that  folding  has  been  gentler  in  the  Fernando  than  in 
the  Monterey.  It  would  seem  that  the  older  formation  had  been 
dii^turbed  in  varying  amounts,  in  some  places  severely  and  in  others 
gently,  during  the  process  of  uplift  that  put  an  end  to  its  period  of 
deposition.  As  a  result  the  dips  at  the  present  time  in  the  Fer- 
nando are  apt  to  be  less  steep  than  in  the  Monterey,  but  folding  has 
gone  on  lai^ly  along  old  lines,  so  that  conformity  in  strike  between 
the  two  formations  is  the  rule. 

Wide,  low  folds  are  characteristic  of  the  structure  in  the  Fernando 
within  the  Santa  Maria  basin  region.  This  is  illustrated  by  the 
broad  anticlines  in  this  formation  in  the  Solomon  Hills,  the  broad 
anticline  in  the  Furisima  Hills,  and  the  synclines  in  the  Los  Alamos 
and  Santa  Rita  valleys,  in  which  the  dips  range  from  5°  to  25°  as  a 
rule  for  a  long  way  on  either  side  of  the  fold  and  rarely  become, 
steeper  than  30°  or  35°.  In  places,  as  south  and  west  of  Sisquoc 
and  west  of  Canada  I^aguna  Seca,  the  beds  are  almost  if  not  quite 
horizontal,  but  this  is  exceptional.  Curves  and  plunger  in  the  pre- 
existing low  folds  in  the  Monterey  gave  rise  to  structural  basins  in 
which  the  Fernando  was  deposited  as  a  filling.  Such  was  the  origin 
of  the  oval  area  of  Fernando  sand  covering  the  eastern  portion  of 
the  Todos  Santos  y  San  Antonio  grant.  This  basin  is  the  westward 
extension  of  a  great  synclinal  basin  that  runs  from  that  locality'  first 
eastward  and  then  southeastward  across  the  Los  Alamos,  La  Laguna, 
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croasing  Labiea  Greek.    In  the  fiist  two  the  dip  of  the  beds  is  mod- 
erate and  the  disturbanoe  is  not  great. 


An  idea  of  the  distribution  of  the  Fernando  may  be  well  obtained 
from  the  map  (PI.  I,  in  pocket),  as  it  is  not  covered  by  so  many  forma- 
tions as  the  older  series.  It  is  much  more  widespread  near  the  surface, 
however,  than  appears  on  the  map,  since  it  is  probably  present  and 
hidden  by  only  thin  deposits  over  a  great  part  of  the  area  mapped 
as  terrace  deposits  and  alluvium. 

The  general  character  of  the  Fernando  is  that  of  a  filling.  Its  soft, 
loose,  spreading  sands,  which  preserve  poorly  evidence  of  low  folds, 
form  moimdlike  hills  and  broad  valleys  that  convey  the  idea  of  a 
filled  topography.  But,  on  the  other  hand,  harder  beds  and  surface 
cappings  due  to  hardening  by  iron  oxide,  which  not  uncommonly  pro- 
duce sharp,  square  outlines,  are  marked  features  of  the  topography, 
as  in  the  vicinity  of  Mount  Solomon,  at  the  head  of  Howard  Canyon. 
On  the  northeastern  border  of  the  Casmalia  Hills,  between  Schimiann 
and  Graciosa  Canyon,  a  lime-hardened  sandstone  predominates  and 
fonns  a  prominent  ridge.  In  the  Santa  Rita  Hills  the  lines  of  structure 
that  there  curve  around  from  a  westerly  direction  to  the  southeast  are 
brou^t  out  by  the  resistant  limestone  which  supports  the  northeast 
flanks  of  the  hills.  Tlie  wide-stretching  foothills  of  the  San  Rafael 
Range  north  of  Santa  Ynez  have  a  character  all  their  own.  They  are 
formed  of  gravel,  clay,  and  sand  that  have  the  appearance  of  belong- 
ing to  a  fresh  or  brackish  water  series,  and  they  stand  out  with  many 
bold  faces  that  have  been  cut  in  the  soft  formation,  as  illustrated  in 
PL  VI,  A.  Elsewhere  the  dominant  character  of  the  Fernando  and 
its  topographic  forms  are  due  to  the  soft  sand  which  forms  the  major 
portion  of  the  series. 

JEVIDXMCB  OF  AGE. 

At  least  five  and  probably  six  distinct  horizons  are  recognizable  in 
the  Fernando  by  means  of  characteristic  fossil  faunas.  The  locali- 
ties at  which  these  different  faunas  occur,  named  in  their  probable 
relative  order,  beginning  with  the  oldest,  are  as  follows: 

(a)  South  of  Waldorf  in  soft  shale;  south  and  east  of  Sisquoc  in  fine  sandstone. 

(6)  "Sea-urchin  bed,"  Squires  (Santa  Maria  Oil  and  Gas)  leas**;  (alifoniia  Coast 
lease;  south  of  Graciosa- Western  Union  wells;  west  of  Harris  Canyon;  vicinity 
of  Hill  wells  in  the  Lompoc  field;  and  near  head  of  Howard  Canyon. 

(c)  Waldorf  asphalt  mine,  railroad  cut  1  mile  northeast  of  Schumann;  Pennsylvania 

asphalt  mine  at  east  end  of  Graciosa  Ridge;  all  in  gray  shale  or  tine  gray  sand- 
stone. 

(d)  Waldorf  asphalt  mine;  railroad  cut  1  mile  northeast  of  Schumann;  Fugler  Point 

asphalt  mine;  Sisquoc  (or  Alcatraz)  asphalt  mine;  and  points  along  north  flank 
of  Casmalia  Hills,  in  coarse  sandstone  or  conglomerate. 

(e)  East  end  of  FolBom  lease  in  soft  sandstone. 

(/)  Fresh  or  bncklah  water  beds  immediately  west  of  the  mouth  ol  Cas^jdo^  Yag>iTA 
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The  beds  at  horizon  a  are  of  marine  origin,  are  probably  upper  Mio- 
cene ill  age,  and  correspond  in  a  general  way  to  Fairbanks's  Santa 
Margarita  and  Pismo  formations.  Those  at  horizons  b,  c,  d,  and  e  are 
of  m&rinc  origin,  are  closely  related,  belong  at  the  base  of  the  Pliocene, 
and  are  in  a  general  way  the  equivalents  of  the  middle  Purisima 
and  lower  and  upper  San  Diego  formations.  At  horizon  /  are  beds 
of  fresh-water  origin,  probably  representing  Fairbanks'a  Paso  Robles 
formation  and  I^awson's  marine  Merced  formation. 

The  following  Is  a  list  of  the  fossils  obtained  from  the  Fernando: 
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inclined  slightly  toward  the  ocean  or  the  line  of  drainage,  and  ranging 
in  size  from  tens  of  square  miles  to  only  a  few  feet  square.  The  more 
extended  terraces  fringe  the  coast  line  and  the  larger  valleys  and 
cover  areas  of  low  hills.  The  smaller  ones  are  scattered  over  ridges 
and  hilltops  and  along  the  snuiUer  valleys.  These  terraces  are  cov- 
ered with  a  thin  coating  of  sand  and  gravel,  and  here  and  there  with 
clayey  material.  The  distribution  of  the  deposits  is  well  shown  on 
the  map,  with  two  general  exceptions.  In  the  first  place,  many  of 
the  strips  of  land  along  valleys  mapped  as  covered  with  teirace 
deposits  may  not  represent  true  terraces,  as  it  is  almost  impossible 
to  draw  definite  distinctions  between  such  horizontally  bedded  val- 
ley fillings,  true  terrace  cappings,  and  recent  alluvium.  All  post- 
Fernando  deposits  in  small  valleys  are  therefore  mapped  with  the 
terrace  formation,  and  alluvium  is  shown  only  in  the  extended  valley 
bottoms,  where  dividing  lines  between  it  and  the  terrace  deposits  are 
drawn  arbitrarily.  In  the  second  place,  owing  to  the  lithologic  simi- 
larity of  the  Fernando  and  the  terrace-deposit  sand  and  the  similar 
surface  appearance  of  these  two  formations,  the  attempt  has  been 
made  to  represent  on  the  map  only  a  few  areas  of  the  terrace  sand 
overlying  the  Fernando.  The  Fernando  is  doubtless  capped  by  ter- 
race deposits  in  many  places,  but  it  is  usually  impossible  to  tell 
whether  this  is  true  or  not.  The  lines  of  contact  between  these  for- 
mations are  of  necessity  arbitrarily  shown. 

This  similarity  causes  much  difiiculty  in  places  in  detcrminmg 
whether  the  deposits  belong  to  the  Fernando  or  to  the  later  epoch, 
and  whether  it  is  necessary  to  go  through  a  great  thickness  of  Fer- 
nando beds  or  only  a  few  feet  to  reach  the  Monterey  below.  Where 
fossils,  distinct  lines  of  bedding,  or  tilted  strata  are  present  they  are 
indications  that  the  sand  belongs  to  the  Fernando. 

The  terraces  are  found  commonly  at  all  altitudes  up  to  1 ,200  reet, 
and  a  few  even  as  high  as  1 ,400  feet.  None  have  been  definitely  rec- 
ognized at  a  higher  elevation. 

LITHOLOGIC   CHARACTER. 

The  material  of  the  terrace  deposits  is  usually  sand  and  conglomer- 
ate, for  the  most  part  the  former.  The  sand  is  medium  grained  and 
contains  scattering  waterwom  pebbles.  It  is  normally^  soft  and 
grayish,  but  in  many  places  compact,  being  stained  a  reddish  yellow 
and  hardened  by  iron  oxide  or  filled  wdth  iron-stained  concretions. 
In  this  surficially  compacted  state  it  forms  hard  cappings  on  hilltops 
and  slopes.  Round,  bullet-like,  iron-hardened  concretions  are  char- 
acteristic of  the  derived  soil.  Over  much  of  the  surface  of  Burton 
Mesa  and  in  other  places  this  deposit  occurs  as  loose,  grayish  sand, 
hardened  locally  by  the  action  of  rain  water  and  various  salts  or 
oxide  of  iron.  The  conglomerate — or  gravel,  as  it  might  equally  well 
1784-BqU.  922-07 5 
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be  called — is  composed  of  bowlders,  pebbles,  and  fragments  of  Mon- 
terey flint  and  shale,  besides  pebbles  of  other  rocks  in  smaller  quan- 
tity. Some  of  the  pebbles  are  very  much  waterwom,  but  in  places 
the  number  of  unworn  fragments  uf  shale  almost  necessitates  the  use 
of  the  word  "breccia"  in  describing  the  deposits.  Evidence  of  bed- 
ding is  rarely  prominent  in  the  typical  terrace  deposits,  but  they 
invariably  appear  to  lie  horizontal,  seeming  to  have  been  little  dis- 
turbed by  the  uplift  of  the  land  that  brought  them  to  their  present 
elevation. 

No  fossils  have  been  found  in  these  deposits,  but  they  contain 
mimeroua  pholas-bored  pebbles  of  Monterey  shale,  and  in  places,  as 
on  Burton  Mesa,  the  Monterey  shale  itself,  upon  which  the  deposits 
lie,  has  been  bored  by  these  marine  mollusks. 

Many  of  the  cappings  formed  parallel  with  the  surface  through 
hardening  by  iron  oxide  have  the  appearance  of  being  beds  with 
appreciable  dip,  and  are  therefore  misleading.  The  thickness  of  the 
coating  of  Burton  Mesa  is  25  or  30  feet  and  the  cover  of  the  typical 
terrat-e  in  other  parts  of  the  region  has  about  the  same  thickness. 
Whether  it  attains  a  much  greater  development  than  this  at  any 
place  is  hard  to  tell.  These  shallow  coverings  hide  considerable  areas 
of  the  Monterey  and  obscure  its  structure,  but  most  of  the  canyons 
that  cut  into  the  terraces  reveal  the  presence  of  the  oil-bearing  for- 
mation beneath.  The  thickness  of  the  coatings  is  not  sufficient  to 
make  a  serious  difference  in  the  depth  to  which  it  is  necessary  to 
drill  for  oil.  The  deposits  are  economically  of  importance  as  reser- 
voirs for  the  oil  escaping  from  the  Monterey  shale,  and  thus  they 
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ORIGIN. 


Most  of  the  terrace  deposits  are  probably  of  marine  origin.  This 
is  proved  in  the  case  of  the  most  typical  deposits  by  the  presence  of 
the  pholas  borings  already  mentioned.  The  deposition  was  carried 
on  in  shallow  water  and  much  of  the  material  was  derived  on  the 
spot  from  the  wearing  away  of  the  shore  line  of  Monterey  shale,  the 
fragments  of  which  were  not  always  subjected  to  much  polishing 
before  being  deposited  and  protected  from  agencies  of  erosion. 
These  deposits  give  undeniable  evidence  of  a  great  uplift  of  the 
coast  during  Pleistocene  time.  It  seems  most  probable  that  the 
terraced  surfaces  resulted  from  marine  planation  along  gradually 
rising  shore  lines  and  that  the  formation  covering  them  represents 
the  beach  and  shore  deposits.  The  rise  of  the  land  was  probably  too 
rapid  and  the  amount  of  sediment  too  small  to  allow  much  oflf-shore 
extension  of  the  deposition.  The  material  that  may  have  been 
deposited  in  the  deeper  places  determined  by  the  depressions  in  the 
topography  has  since  probably  been  largely  removed  by  erosion. 
The  terrace  deposits  themselves  have  been  extensively  eroded  and 
in  many  places  are  left  as  mere  remnants.  Some  of  them  have  no 
doubt  been  subsequently  added  to  by  w4nd-blown  sand. 

It  is  probable  that  some  of  the  terraces  and  horizontal  Pleistocene 
deposits  along  valleys  have  been  formed  by  streams.  Most  of  the 
valley  fillings  were  probably  laid  down  in  this  way.  At  the  mouths 
of  some  canyons,  as  along  the  western  side  of  Graciosa  Canyon, 
Pleistocene  deposits  have  been  built  up  in  the  shape  of  detrital  fans, 
which  have  since  been  carved  into  flat-toj)j)e(l,  steei)-sided  blocks  by 
recent  streams. 

DUVE  SAND. 

The  prevailing  northwesterly  wind  from  the  ocean  has  amassed 
great  deposits  of  sand  in  places  along  the  coast.  The7)rocess  has 
probably  been  going  on  all  through  the  Quaternary  period  and  it  is 
hard  to  distinguish  the  older  of  the  eolian  deposits  from  those  partially 
or  entirely  of  marine  deposition.  The  line  of  contact  of  these  forma- 
tions as  mapped  is  arbitrary. 

The  greatest  mass  of  dune  sand  occurs  at  the  northwest  end  of  the 
Casmalia  Hills,  where  the  gradual  slopc^  down  to  the  sea  from  an  eleva- 
tion of  about  1,200  feet  is  covered  by  loose,  yellow  sand  of  probable 
eolian  origin.  This  drifts  al)out  incessantly  and  is  probably  still  in 
the  process  of  collecting,  being  supplied  from  the  long,  low,  open 
shore  to  the  north  and  held  in  check  bv  th(»  bulwark  of  the  Casmalia 
Hills  on  the  south.  This  deposit  has  a  thickness  of  several  hundred 
feet.  At  its  base  along  the  coast  is  exposed  a  basal  layer  of  large 
bowlders  and  horizontally  stratified  sand.     The  original  slope  of  the 
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hills  was  probably  at  least  partly  covered  during  the  uplift  of  the 
coast  by  marine  teirace  deposits  similar  to  those  found  elsewhere  in 
the  region,  these  being  later  buried  by  the  gathering  wind-blown 
sand.  Recent  marine  shells  are  widely  scattered  over  the  surface 
of  this  sand,  but  are  not  considered  by  the  writers  as  indicating  its 
marine  origin.  They  were  probably  carried  there  by  Indians  or 
birds. 

South  of  the  Casmalia  Hills,  where  the  coast  is  open  to  the 
winds,  sand  dunes  are  continually  forming  and  covering  up  the  ter- 
race deposits.  The  sand  is  not  retarded  by  an  inland  barrier,  how- 
ever, as  on  the  north  of  the  hills,  and  no  such  vast  deposit  has  been 
formed.  The  sand  is  continually  being  carried  into  the  interior 
valleys  and  spread  thinly  over  a  wide  area. 


All  the  valleys  of  this  region  contain  a  certain  amount  of  alluvial 
material  and  stream  gravels,  which  reach  in  many  locahties  a  thick- 
ness of  50  feet  or  more.  In  some  places  the  deposit  is  earthy,  in 
others  sandy  earth,  and  in  still  others  pure  sand,  gravel,  or  clay. 
It  is  OS  a  rule  horizontally  stratified.  Recent  deposits  of  this  charac- 
ter attain  considerable  extent  in  the  wide  valleys,  but  it  is  not  easy 
to  distinguish  them  from  Quaternary  deposits  of  different  age  or  of 
somewhat  different  origin.  They  arc  mapped  as  distinct  only  in  the 
larger  valleys  and  the  contact  lines  are  arbitrary.  Practically  all 
the  hills  and  valleys  within  the  territory  mapped  have  a  covering 
of  soil. 

IGNEOUS  ROCKS. 
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md  bdieves  to  antedate  the  Knoxville.  It  is  closely  associated  and 
intenniiigled  with  bodies  of  diabase  and  gabbro.  This  complex 
forms  Point  Sal  Ridge  and  the  rocky  headland  of  Point  Sal.  Another 
complex  that  he  beheves  belongs  in  th^  Knoxville  forms  a  long  dike 
north  of  Schumann  Canyon.  It  is  an  exceedingly  compUcated  intru- 
me  mass  of  gabbro  and  peridotite  that  has  been  penetrated  by  later 
dikes  of  diabase,  norite,  gabbro,  and  intermediate  types  of  rock. 

The  areas  mapped  as  Franciscan  (Jurassic)  are  largely  occupied  by 
8«rpentine  that  was  originally  intruded  in  Franciscan  strata.  This 
serpentine  may  be  older  than  the  Knoxville,  and  .the  last-mentioned 
occurrence  of  gabbro  and  peridotite  may  be  contemporaneous  with  it. 

Diabase  was  struck  at  a  depth  of  1,300  feet  in  the  Pezzani  well 
No.  1,  southwest  of  Sisquoc.  It  is  a  considerably  altered  rock  com- 
posed largely  of  serpentine  and  plagioclase  feldspar,  with  some  augite, 
possibly  a  small  amount  of  unaltered  olivine,  considerable  magnetite, 
and  several  accessory  minerals.  This  occurrence  is  of  considerable 
importance  as  affecting  the  prospects  for  the  production  of  oil  in 
this  neighborhood.  The  question  arises  whether  this  diabase  has 
mtnided  the  Monterey,  as  in  the  San  Rafael  Mountains,  or  whether 
it  is  a  part  of  the  older  igneous  formations,  in  which  diabase  is 
common.  The  fact  that  the  rock  is  so  much  altered  probably  indi- 
cates that  it  belongs  to  a  formerly  exposed  older  formation  upon 
which  a  fairly  high  portion  of  the  Monterey  shale  series  has  over- 
lapped. It  is  hardly  conceivable  that  an  intrusion  at  such  a  depth 
in  the  shale  could  have  undergone  so  much  alteration.  In  either 
case,  whether  this  diabase  marks  the  base  of  the  Monterey  or  whether 
the  shales  have  been  intruded  by  an  igneous  mass,  the  conditions  are 
unfavorable  for  the  discovery  of  oil  in  the  immediate  vicinity. 

IGNEOUS   ROCKS    INTRUDING   THE   MONTEREY. 

The  youngest  igneous  rocks  occurring  in  the  Santa  Maria  quad- 
rangle and  those  of  chief  interest  in  the  present  connection  are  intru- 
sive in  the  Monterey  (middle  Miocene).  Such  are  five  small  areas  of 
diabase  mapped  by  Fairbanks  south  of  Point  Sal  and  two  areas  of 
diabase  in  the  San  Rafael  Mountains.  The  age  of  the  two  latter  is 
somewhat  in  doubt,  but  the  metamorphic  and  disturbed  appearance 
of  the  Monterey  shale  in  their  vicinity  indicates  that  they  originated 
as  dikes  intruding  the  Monterey.  The  shale  appears  hardened  and 
baked  in  the  immediate  neighborhood  and  narrow  tongues  of  Mon- 
terey shale,  certainly  altered  along  the  contact,  extend  into  the  mass 
on  Tepusquet  Creek.  Along  its  edges  appear  patches  of  Aucella- 
bearing  sandstone  belonging  to  the  Knoxville,  which  were  probably 
brought  up  from  below  by  the  intrusion.  The  diabase  in  both  areas 
is  of  dark-green  color  and  coarse  texture  and  exhibits  sheared  ser- 
pentinous  f  acies. 
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Another  intrusion  of  probable  post-Monterey  age  forms  a  single 
outcrop  in  the  hills  7  miles  northeast  of  Point  Conception.  It  is  a 
dike  of  basic  porphyry  related  to  basalt.  On  one  side  of  the  outcrop 
the  bases  of  horizontally  lying  rough  pentagonal  columns  are  well 
exposed.  It  is  not  known  whether  the  sedimentary  rocks  through 
wliich  this  is  intruded  belong  to  the  Monterey  or  the  upper  part  of  the 
Vaqueros. 

CJEOLOGIC  niSTORV. 
EARLIEST  PERIODS. 

The  general  geologic  aspect  of  the  Santa  Maria  district  is  that  of  a 
region  of  comparatively  recent  geologic  formations.  Tertiary  rocks, 
in  places  covered  by  Pleistocene  deposits,  are  predominant,  those 
of  Cretaceous  and  Jurassic  age  less  widespread,  and  older  formations 
entirely  absent.  The  Tertiarj-  has  received  almost  all  the  attention 
in  the  present  study  and  little  can  be  said  of  the  histoiy'  of  the  region 
previous  to  that  period.  The  much-disturbed  and  metamorphosed 
Jurassic  sediments  (Franciscan),  intruded  by  serpentine,  form  the 
basement  of  the  whole  region,  but  outcrop  only  very  locally.  In  Cre- 
taceous time  a  considerable  thickness  of  marine  sediments  was  laid 
down,  but  these  deposits  were  probably  not  greatly  disturbed  before 
the  beginning  of  deposition  in  the  Tertiarj'.  To  the  present  time  they 
have  remained  unmetamorphosed  and  no  more  affected  by  moun- 
tain-making forces  than  later  formations.  Igneous  intrusions,  how- 
ever, took  place  at  different  times  in  the  Cretaceous. 

EOCENE  PERIOD. 


uplitt  did  not  OGBur  at  the  close  of  Ek>cene  time,  but  it  is  probable 
that  OTogenic  mayements  did  bring  to  a  close  the  period  dunng 
which  the  Eocene  sediments  were  laid  down  by  raising  the  strata 
ali^tly  above  tie  sea  and  preventing  for  a  time  further  deposition. 
How  long  this  time  was  is  not  known,  but  it  corresponds  approxi- 
matefy  with  the|  Oligocene. 

LOWER  MIOCENE  PERIOD. 

The  movements  immediately  following  the  deposition  of  the 
Eocene  caused  no  appreciable  disturbance  in  the  Eocene  strata,  and 
when  sedimentation  recommenced  over  the  same  area  in  lower 
Miocene  time  neither  the  old  nor  the  new  strata  preserved  any  posi- 
tive evidence  in  their  relative  position  that  a  time  break  had  occurred. 
The  great  masses  of  coarse  conglomerate  forming  the  base  of  the 
fewer  Miocene  portion  of  the  group  record  a  change  to  conditions 
of  veiy  shallow  water,  and  the  abrupt  change  of  faunas  indicates 
that  a  long  time  interval  separated  their  deposition  from  that  of  the 
subjacent  EiOcene.  It  is  most  probable,  however,  that  the  post- 
Eooene  movements,  which  were  gentle,  were  also  somewhat  local, 
ind  that  in  portions  of  the  Santa  Ynez  Mountains  to  the  east  of  the 
region  under  discussion  sedimentation  was  more  nearly  continuous. 
At  about  the  dose  of  the  Oligocene  period  the  Eocene  basin  was 
again  depressed;  deposition  of  sediments,  almost  entirely  of  detrital 
origin  and  very  similar  to  those  previously  laid  down,  ensued  in  a 
widening  area  covered  by  the  sea;  and  subsidence  of  the  land  gradu- 
ally continued.  The  Vaqueros  formation,  which  resulted  from  this 
period  of  depression,  represents  the  greater  part  of  lower  Miocene 
time. 

MIDDLE  MIOCENE  PERIOD.    - 

The  middle  Miocene  (Monterey)  shale  formation  is  one  of  striking 
individuaUty,  and  conditions  of  imusual  character  prevailed  during 
its  period  of  deposition.  At  the  beginning  of  middle  Miocene  time 
the  land  sank  over  a  large  part  of  the  region  of  California  now  occu- 
pied by  the  Coast  Ranges  and  fairly  deep  water  conditions  became 
prevalent.  The  wearing  away  of  extended  land  areas  ceased  as  they 
became  submerged,  and  the  material  for  the  formation  of  coarse 
detrital  deposits  was  no  longer  plentiful.  Two  varieties  of  deposits, 
which  were  largely  of  organic  origin,  were  the  chief  ones  to  be  formed 
during  the  long  period  that  followed.  These  were  the  laminated 
limestones  and  the  much  more  abundant  siliceous  shales.  Silt  of 
extremely  fine  grain,  both  of  siliceous  and  argillaceous  nature,  was 
swept  into  the  sea  waters,  probably  from  considerable  distances,  and 
settled  down  to  form  a  considerable  proportion  of  the  deposits;  but 
sand  and  other  coarse  detritus  foimd  their  way  only  at  rare  intervals 
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to  th»  main  portions  of  the  quiet  sea  bottom  which  was  fonnerly 
the  surface  of  the  land  and  which  had  been  ^ven  a  comparatively  low 
relief  by  the  long  period  of  erosion  that  preceded  the  submei^nce. 

During  the  period  of  transition  between  the  Yaqueros  and  the  Mon- 
terey, limestone  was  formed  chiefly,  but  somewhat  inclosed  basins 
where  deposits  of  alkahne  mud  were  laid  down  apparently  existed  in 
places.  Such  a  basin  is  indicated  by  the  alkaline  gypsiferous  clays  on 
the  south  side  of  the  Casmalia  Hills,  probably  representing  upper 
Vaqueros.  In  some  places,  as,  for  instance,  in  the  San  Rafael  Moun- 
tains, sandstone  beds  were  formed  early  in  Monterey  time,  probably  in 
the  neighborhood  of  locally  unsubmerged  areas.  But  later  very  little 
sand  was  deposited  anywhere.  Further  submergence  no  doubt  took 
place  during  the  period,  removing  the  sources  of  this  sand  and 
allowing  to  be  deposited  under  fairly  constant  conditions  a  thickness 
of  beds  greater  than  a  mile.  It  is  not  probable,  however,  that  the 
depth  of  the  sea  was  at  any  time  as  much  as  this,  being  more  likely 
closer  to  half  a  mile. 

During  the  early  part  of  Monterey  time  conditions  were  variable, 
calcareous  and  siliceous  deposits  alternating,  probably  as  a  result  of 
alternating  temporary  predominance  in  the  sea  of  organisms  with 
calcareous  or  siliceous  shells.  As  the  period  progressed  the  siliceous 
organisms  became  more  predominant  and  remained  so,  making  up  a 
large  fraction  of  the  total  bulk  of  the  Monterey  formation.  It  was 
an  age  of  diatoms.  These  small  marine  plants  lived  in  extreme 
abundance  in  the  sea  and  fell  in  showers  with  their  siliceous  tests 
to  add  to  the  accumulating  ooze  of  the  ocean  bottom,  just  as  they  are 
forming  ooze  at  the  present  day  in  some  oceanic  waters.  It  is  well 
known  that  diatoms  multiply  with  extreme  rapidity.     It  has  been 
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period.     Acidic  volcanic  ash  of  a  rhyolitic  type  was  ejected,  and  it 

settled  in  the  ocean  to  form  regular  beds  of  considerable  thickness 

and  extent  interstratified  with  the  other  sediments.     The  occm*- 

rence  of  ash  interbedded  with  diatomaceous  earth  that  probably 

belongs  fairly  high  in  the  Monterey  formation  indicates  that  these 

eruptions  did  not  cease  in  the  early  part  of  middle  Miocene  time. 

Neither  the  centers  of  eruptions  nor  any  lava  equivalents  of  the  ash 

have  been  found  in  the  field.     Similar  eruptions  were  characteristic 

of  the  lower  and  middle  Miocene  for  long  distances  north  and  south 

of  this  region. 

LATE   TERTIARY  AND  EARLY  QUATERNARY  PERIOD. 

The  Monterey  period  of  deposition  was  brought  to  a  close  by 
erogenic  movements  which  folded  the  shales  and  lifted  them  above 
the  sea  in  many  places.     In  some  regions  the  folding  was  intense, 
the  greatest  disturbances  accompanying  the  uplift  of  the  mountain 
ranges  to  an  altitude  of  thousands  of  feet.     The  San  Rafael  Moun- 
tains, which  were  upheaved  at  this  time,  probably  extended  along 
the  lines  of  former  mountains,  and  some  smaller  mountainous  or 
hilly  areas  likemse,  such  as  the  Casmalia  Hills  and  perhaps  portions 
of  the  Santa  Ynez*  Range,  followed  former  zones  of  uplift.     But  for 
the  most  part  the  Santa  Ynez  Range  was  probably  new.     It  is 
doubtful  whether  it  was  ever  completely  covered  by  Monterey  sedi- 
ments, and  its  structure  may  hav^.  been  determined  by  minor  folding 
previous  to  the  beginning  of  the  Monterey,  but  it  is  probable  that 
this  range  did  not  have  any  approach  to  its  present  proportions  until 
after  middle  Miocene  time.     In  other  regions  low,  broad  folds  were 
formed  during  the  post-Monterey  disturbance  and  the  strata  were 
not  upheaved  to  a  great  altitude;  such  was  the  case  in  parts  of  the 
basin  region  between  the  San  Rafael  and  Santa  Ynez  mountains. 

After  the  formation  of  the  middle  Miocene  shales  thev  were 
intruded  at  several  different  points  by  basic  igneous  masses,  mostly 
of  the  nature  of  diabase.  The  disturbance  which  put  an  end  to  the 
period  was  profound  and  this  igneous  activity  was  probably  an 
aceompaniment  of  it.  The  rocks  were  locally  hardened  by  contact 
action  in  consequence  of  the  intrusions. 

After  an  erosion  interval,  probably  of  comparatively  short  dura- 
tion, the  land  again  sank,  though  not  so  extensively  nor  to  such 
depth  as  in  the  previous  subsidence,  and  a  large  part  of  the  Santa 
Maria  district,  especially  the  lower  regions,  became  submerged. 
The  deposition  of  the  Fernando  followed,  beginning  before  the  close 
of  the  Miocene.  Owing  to  differences  in  altitude  and  possibly  also 
to  local  difference  in  the  amount  of  subsidence,  the  deposition  began 
in  some  places  before  it  did  in  others.  Over  the  areas  in  which  the 
Monterey  has  been  only  slightly  folded,  the  Fernando  beds  assumed 
oonfonnable  positions  mth  it.    In  regions  where  the  Monterey  bedka 
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had  been  more  highly  tilted  the  later  Bediments  were  laid  down 
unconformably.  In  places  the  first  Fernando  beds  were  of  similar 
lithologic  character  to  the  Monterey  shale,  being  deposited  probably 
under  similar  conditions  or  else  derived  from  the  redeposition  of  the 
shale  material.  This  similarity,  added  to  the  bedding  conformity, 
caused  the  formations  to  appear  as  completely  conformable  and  con- 
tinuous. But  the  presence  in  places  of  layers  of  brecciated  Monterey 
shale  at  the  base  of  the  Fernando,  and  in  places  of  true  angular 
unconformities,  proves  that  a  period  of  erosion  preceded  the  Fer- 
nando deposition. 

After  the  period  of  deposition  of  the  finer  sediments  usually  found 
at  the  base  of  the  Fernando,  shallow-water  conditions  prevailed. 
The  deposits  were  almost  entirely  detrital,  the  product  of  erosion  on 
land,  much  of  the  material  coming  from  areas  of  Monterey  shale. 
Fresb-water  or  possibly  brackish-water  conditions  may  have  pre- 
vailed in  the  latter  part  of  Fernando  time.  They  certainly  did  for  a 
time  and  locally,  at  least,  when  the  brackisli-water  limestone  beds 
were  formed. 

MAIN   QUATERNARY   PERIOD. 

Downward  and  upward  movements  of  the  coastal  region  were 
probably  in  progress  during  the  Fernando  period,  but  were  intensi- 
fied early  in  Pleistocene  time,  and  disturbance  of  the  strata  along  the 
lines  influenced  by  the  post-Monterey  upheaval  took  place.  In  this 
way  the  mountain  ranges  were  upraised  in  their  present  position  and 
the  Fernando  became  warped  along  the  lines  of  further  folding  in  the 
Monterey. 

After  this  uplift  erosion  set  in  and  eventually  removed  the  Fer- 
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of  wind-blown  sand  were  formed  also,  and  their  formation  is  con- 
timiing  at  present.  During  the  late  Quaternary  the  deposits  and 
topographie  forms  resulting  from  all  these  processes  have  been  carved 
by  erosion;  wide  areas  have  been  denuded  of  the  thin  Pleistocene 
capping;  and  in  many  places  bits  of  terrace  deposits  are  left  merely 
as  scattering  remnants. 

STBXJcnmi:  akd  conditions  affecting  this  pres- 
ence OF  Olli. 

THE  ANTICLINAL  THEORY. 

The  anticlinal  theory  of  oil  accumulation  assumes  that  the  oil, 
being  of  lesser  gravity,  rises  above  the  water  present  in  porous 
rocks  and  coUects  at  the  highest  possible  points  in  upward  folds, 
being  there  confined  by  impervious  strata  arching  over  the  folds. 
The  presence  of  water,  according  to  this  theory,  is  considered  as 
fundamentally  necessary  for  the  carrying  out  of  the  process  of 
accumulation  in  anticlines. 

The  presence  of  oil  in  anticlinal  folds  was  repeatedly  observed  in 
the  eastern  part  of  North  America  during  the  latter  half  of  the 
nineteenth  century.  £.  B.  Andrews  noted  its  occurrence  along  low 
antidines  in  West  Virginia  and  Ohio  as  early  as  1861,  and  described 
this  occurrence  that  same  year,^  and  again,  with  more  assurance  of 
its  wide  application,  in  1866.^ 

In  1863  the  Canadian  geologists,^  in  describing  the  oil  spring 
immediately  north  of  Lake  Erie,  noted  their  close  relation  to  the 
anticlinal  structure,  and  formulated  the  theory  that  the  rise  of  the 
oil  is  due  to  the  presence  of  water  in  the  rocks.  Their  brief  state- 
ment is  as  follows: 

Some  of  these  springs  appear  to  be  on  the  lino  of  the  great  antirlinal  which  runs 
through  the  western  peninsula,  and  subordinate  undulationn  of  a  ^inular  character 
will  be  found  connected  with  others.  The  oil,  being  lighter  than  water  and  per- 
meating with  it  the  strata,  naturally  runs  to  the  highest  part,  which  i.s  the  crown  of 
the  anticlinal,  whence  it  escapes  U)  the  surface  by  some  of  those  breaks  which  are 
usually  found  in  such  positions. 

Also  in  1863  Sterry  Hunt,  to  whom  the  above-cited  conclusions  in 
the  Canadian  report  are  probably  due,  described  the  oil  of  western 
Ontario  as  derived  from  low  anticlines.'' 

The  following  quotation  is  from  an  account  written  in  1885  by 
I.  C.  White*  of  his  search  for  some  method  of  determining  the  loca- 
tion of  gas  accumulations: 

In  the  prosecution  of  this  work  I  was  aided  by  a  suggestion  from  Mr.  William  A. 
Eanenian,  of  Allegheny,  Pa.,  an  oil  operator  of  many  years'  experience,  who  had 

a  Am.  Jour.  Sci..  2d  ser.,  vol.  32,  July,  1861,  pp.  85-M. 
ft  Am.  Jour.  Sci.,  2d  ser.,  vol.  42,  July  1866,  pp.  33-37. 
c  Geology  of  Canada,  Canadian  Oeol.  Survey,  1863,  p.  379. 
'Am.  Jour.  Sci.,  2d  ser..  vol  85,  March,  1863,  pp.  IfllKlTO. 
«  Science,  vol  6,  No.  128,  June  26, 188& 
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noticc<l  that  the  principal  gas  wells  then  known  in  western  Pennsylvania  were  sit- 
uated rlofle  to  where  anticlinal  axea  were  diswo  on  the  geological  maps.  From  this 
ho  inferred  there  must  he  some  connection  between  the  gas  wells  and  tjie  anticlines. 
After  vieiting  all  the  great  gas  wells  that  had  been  atruck  in  western  Pennsylvania 
and  Went  Virginia,  and  carefully  examining  the  geological  surroundingB  of  each,  I 
found  that  every  one  of  them  was  situated  eilher  directly  on  or  near  the  crown  of  an 
anlirlinalaxis,  while  wells  that  had  been  bored  in  the  syncline  on  either  side  fumiabed 
little  or  no  gas,  but  in  many  cases  large  quantities  of  salt  water.  Further  observation 
ahnwed  that  the  gas  wells  were  confined  to  a  narrow  belt,  only  one-fourth  to  I  mile 
wide,  along  the  creels  of  the  anticlinal  folds.  These  facts  seemed  to  connect  gas  terri- 
tory unmislakably  with  the  disturbance  in  the  rocks  caused  by  their  upheaval  into 
arches,  but  the  crucial  test  was  yet  to  be  made  in  the  actual  location  of  good  gas  ter- 
ritory on  this  theory.  During  the  last  two  years  I  have  submitted  it  to  all  numner  ol 
t(«ts,  both  in  locating  and  condemning  gas  territory,  and  the  general  result  has  been 
to  confirm  the  anticlinal  theory  beyond  a  reasnnalile  doubt. 

Tlie  anticlinal  theory  was  found  applicable,  according  to  Red- 
wood," by  various  investigators  in  the  Eastern  Hemisphere,  in  the 
Caucasian  and  Cari>athi8n  fields,  in  India,  Persia,  and  Alj^ers,  and 
as  stated  I)y  layman,"  in  some  at  lea^t  of  the  wells  in  Japan.  Fur- 
ther credence  has  been  lent  to  it  by  inveatigators  in  various  parts  of 
the  world  in  subse«iuent  reports  on  oil  districts.  It  has,  however,  not 
been  proved  to  be  of  universal  application. 

ACCUMULATION  OF  OIL  IN  THE  SANTA  MARIA  DISTRICT. 

In  the  Santa  Maria  and  Ijompoc  fields  the  evidence  indicates  that 
anticlinal  stnicture  is  favorable  although  probably  not  absolutely 
es-sential  to  the  accumulation  of  oil.  But  whether  or  not  this  fact 
is  explainable  on  the  basis  of  the  anticlinal  theory  as  previously 
advanced,  and  as  seemingly  applicable  to  eastern  fields,  remains  [ 
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near  Che  surface,  or  at  least  considerably  above  the  oil-producing 
zones. 

It  may  be  questioned  whether  the  presence  of  water  is  essential  for 
the  accumulation  of  petroleum  in  the  upward  folds  of  the  strata  under 
the  conditions  presented  by  the  Santa  Maria  and  I^mpoc  fields. 
Here  the  oil  tends  to  rise  to  the  surface  and  form  seepages  wherever 
channels  of  escape  are  offered.     This  is  probably  not  due  to  hydro- 
static pressure,  as  there  is  no  evidence  that   the  water  tended  to 
rise  in  the  same  way;  and  it  is  just  the  opposite  of  the  tendency 
ascribed  to  oil  by  upholders  of  the  anticlinal    theory,  which  would 
result  in  the  oil  descending  and  gathering  in  the  synclinal  trouglis  on 
subsidence  or  removal  of  the  water.     In  the  fields  under  discussion 
the  oil  is  always  intimately  associated  with  gas.     There  do  not  seem 
to  be,  as  a  rule,  separated  stores  of  gas  and  oil,  but  the  two  are  inter- 
mingled, or  at  least  closely  brought  together,  so  that  one  is  not  usu- 
ally found  without  the  other,  although  gas  is  sometimes  found  alone. 
The  oil  exhibits  a  tendency  to  migrate,  as  shown  by  its  original  con- 
centration from  widely  separated  points  of  origin,  by  its  surface  seep- 
age, and  by  the  energetic  way  in  which  it  rises  in  the  drill  holes  when 
a  source  of  it  is  tapped.     This  migratory  faculty  may  be  ascribed 
entirely  to  the  presence  of  the  associated  gas,  which  would  cause  the 
oil  to  fill  every  crevice  offering  a  point  of  escape  or  a  point  of  lodgment. 
If  this  is  granted,  it  is  evident  that  the  points  of  accumulation  of  oil 
vill  be  determined  chiefly  by  the  presence  of  cavities,  largo  or  small, 
offering  a  place  for  it  to  gather.     Anticlines,  being  points  of  fractur- 
ing and  in  some  places  opening  out  of  the  strata,  would  afForcl  likely 
places  for  the  oil  to  lodge  in  those  beds  subject  to  fracture  and  for  it 
to  be  imprisoned  by  overarching  impervious  beds. 

Aside  from  ideas  as  to  accunuilation  of  oil  aft(»r  such  a  fashion,  the 
writers  have  come  to  the  conchision  that  in  this  region  many  of  the 
"oil  sands,"  so  called,  are  not  true  sands,  hut  zones  of  fractured  shale 
or  flint  offering  interspaces  in  which  the  oil  can  gather.  Beds  of  sand 
in  the  Monterey  are  scarce  and  thin.  Some  of  th(^  oil-producing  zones 
are  very  thick,  amounting  to  tens  or  even  hundreds  of  feet.  The  oil 
occurs  chiefly  in  the  lower  portion  of  the  formation,  where  brittle,  flinty 
shale  is  abundant;  and  as  it  is  a  noticeable  fact  that  whcu-cnTr  these 
hard,  flinty  layers  appear  at  the  surface*  they  are  usually  much  more 
contorted  and  fractured  than  the  associated  softer  shales,  which  are, 
in  general,  only  folded  and  not  broken,  it  seems  likely  that  the  same 
fracturing  and  resultant  formation  of  an  ideal  reservoir  for  the  oil 
takes  place  in  the  depths  as  at  the  surface.  Where  it  is  so  fractured, 
the  shale  occupies  a  greater  volume  than  before,  showing  spaces  some 
of  which  are  open  and  others  partially  or  wholly  filled  with  chalcedonic 
or  bituminous  material.  The  unfractured  beds  are  more  or  less  imper- 
vious to  the  rapid  migration  of  the  petroleum,  and  so  act  as  barriers 
to  keep  the  oil  in  the  porous  zones. 
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It  ia  therefore  possible  that  in  the  S&iita  Maria  diatric'^ 
sure  is  the  chief  agent  in  giving  the  oil  mobility,  and  that 
of  the  roeks  is  the  chief  factor  that  controls  the  matter  of 
is  stored  moat  abundantly.     Hydrostatic  pressure  may 
important  part.     The  especially   large  accumulations  i 
may  he  accomited  for  primarily  by  the  cavities  offered  b 
along  upward  folds,  and  secondarily  by  the  presence  of  It 
beds  arching  over  such  folds  and  affording  favorable  condit 
confinement  of  oil  and  gaa  tending  to  escape.     Lesser  stores 
occur  at  other  pointa  within  the  formation. 

INDICATIONS  OF  OIL. 

The  chief  criteria  for  judging  as  to  the  presence  or  abse 
appreciable  quantities  in  this  region  have- been  the  attitude  ojQ 
their  position  in  the  series,  and  the  surface  indications.  ObJ 
evidences  of  a  local  nature  have  also  been  taken  into  t 
drawing  conclusions  from  structural  indications  anticUnea  i 
c-oiisidered  as  the  cliief  factors  favoring  accumulation,  inasmui 
oil  ap|>ears  to  have  gathered  in  them  in  a  majority  of  the  prov« 
rences  in  this  district,  other  conditions  being  favorable. 
aioit  has  been  reached  that  anticlines  afford  a  fairly  trustworj 
to  the  location  of  the  most  important  oil  deposits.  Closai 
ap[)ears  to  play  a  part  in  this  district  in  depriving  the  rocks  J 
oil,  and  excessive  disturbance  and  fracturing  is  unfavorably 
retention.  Bui,  on  the  other  hand,  moderate  folding  would  0 
to  be  favorable,  if  not  requisite,  for  the  accumulation  of  stores 
jind  probably  the  nmsit  favorable  rnnditioris  are  afforded  by  antl 
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the  rose-colored  or  slaglike  rock  observed  at  many  places  in  this  and 
other  oil-bearing  regions  within  the  Monterey  formation.  It  is  fully 
discussed  on  pages  48-52.  It  is  the  result  of  the  burning  of  the  hydro- 
carbons that  have  impr^nated  the  shale,  and  its  presence  therefore 
indicates  where  seepages  have  existed. 

GENERAL  STRUCTURAL  CONSIDERATIONS. 

The  area  comprised  within  the  limits  of  the  Ijompoc  and  Guadalupe 
quadrangles  has  been  subjected  to  two  systems  of  forces  acting 
obliquely  to  each  other,  the  one  producing  structural  features  which 
trend  northwest  and  southeast,  the  other  those  which  trend  east  and 
west.  (See  PI.  VII.)  The  system  causing  the  northeast-southwest 
structure  was  probably  the  older  and  dominating  one,  as  it  brought 
forth  the  highest  ranges  and  most  extreme  folding  and  conformed 
with  the  great  system  %> .  ich  has  determined  not  only  the  Coast 
Ranges  of  California  but  the  western  border  of  the  North  American 
continent.  The  forces  producing  the  east-west  features,  although 
exceedingly  effective  from  the  west  end  of  the  Santa  Ynez  Range  east- 
ward to  the  region  south  of  the  end  of  the  San  Joaquin  Valley,  were 
not  so  far-reaching  as  those  of  the  other  system  and  probably  began 
to  exert  themselves  at  a  later  date. 

That  portion  of  the  area  under  discussion  which  lies  to  the  north- 
east of  the  Santa  Maria  Valley  is  dominated  almost  completely  by 
structural  lines  trending  northwest  and  southeast;  in  the  extreme 
southern  portion  lines  trending  east  and  west  prevail.  The  region 
between  these  two  areas  is  occupied  by  folds  and  faults,  some  of  whose 
component  parts  exhibit  allegiance  to  one  system  and  some  to  the 
other,  but  whose  resultant  trend  is  intermediate  between  the  two. 
In  a  general  way  the  lines  of  disturbance  as  well  as  the  topographic 
relief  within  this  central  province  radiate  fanlike  from  the  point  of 
divergence  of  the  Santa  Ynez  and  San  Rafael  ranges  east  of  the  town 
of  Santa  Ynez. 

The  forces  acting  throughout  the  region  have  more  often  found 
equilibrium  in  the  production  of  folds  than  in  adjustment  by  faulting. 
Several  important  faults  are  recognizable,  however,  and  doubtless 
others  will  be  revealed  by  detailed  work,  especially  in  the  San  Rafael 
Range.  There  is  evidence  to  show  that  forces  have  acted  intermit- 
tently along  the  same  general  lines  throughout  a  long  period  of  tim^ 

DETAILED  DISCUSSION  OF  STRUCTURE. 

In  the  field  studv  of  the  structures  of  the  formations  and  in  the 
present  discussion  special  attention  has  been  paid  to  the  structure  of 
the  Monterey  shales,  because  that  formation  has  apparently  given 
origin  to  the  petroleum  and  in  it  the  bulk  of  the  oil  is  stored. 
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For  convenience  the  two  quadrangles  will  be  divided  into  the  three 
naturally  separated  portions  outlined  in  a  preceding  paragraph,  viz, 
the  region  of  the  San  Rafael  Range,  which  includes  all  of  the  territory 
northeast  of  the  Santa  Maria  Valley  and  a  line  extending  southeast 
of  its  head;  the  region  of  the  Santa  Ynez  Range;  and  the  province 
of  low  hills  and  shallow  valleys  intervening  between  the  two  moun- 
tain masses.  The  reading  of  the  following  paragraphs  describing  the 
structure  of  various  areas  should  be  accomp^hicd  by  reference  to  the 
map.  (PI.  I,  in  pocket.)  For  the  sake  of  compactness  the  conclu- 
sions as  to  the  possibilities  of  productiveness  of  the  Monterey  shale 
have  been  stated,  together  with  the  description  of  its  main  structural 
features. 

It  must  be  remembered  that  in  regions  of  great  disturbance  such  as 
the  shales  have  undergone  in  some  parts  of  the  area  it  is  difficult  to 
represent  by  single  lines  the  complexity  of  the  structure.  Some  of 
the  lines,  therefore,  mark  zones  of  folding  rather  than  single  deiinitely 
continuous  folds.  The  dotted  lines  of  structure  are  purely  supposi- 
tional. 

REGION    OF   THE    SAN    RAFAEL    MOUNTAINS. 
AREAS  or  BOOKS  OLOEB  TEAH  THS  KOXTEKXY. 

Whatever  succession  of  beds  or  structural  conditions  may  .onc« 
have  existed  in  the  Franciscan  f(»rmation  (Jurassic?)  in  this  district, 
they  have  been  largely  obliterated  by  the  successive  folding  and 
crushing  to  which  these  rocks  have  been  subjected  in  the  long  jxriod 
of  time  since  their  first  uplift.     The  shales  and  sandstones  mapped  as 
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nther  unifonnly  along  the  aortheastem  border  of  the  area,  and  de- 
velop toward  the  southeast  into  the  syncline  crossing  Tunnel  Canyon 
and  Horae  Gulch  just  north  of  Sisquoc  River.  The  high,  broad  ridge 
between  Bone  Mountain  and  Manzanita  Mountain  is  composed  of 
k  mterey  shale,  which  lies  approximately  flat,  and  toward  the  north- 
w^  st  becomes  one  arm  of  the  great  syncline  which  extends  through 
Goodchild's  ranch  on  Labrea  Creek  and  is  traceable  almost  to  Colson 
Fork  of  Tepusquet  Creek.  A  similar  syncline,  possibly  the  same, 
extends  from  Colson  Fork  northwestward  across  Tepusquet  Creek  to 
the  margin  of  the  Lompoc  quadrangle.  The  northeastern  arm  of  this 
fold  forms  the  high  ridge  extending  along  the  southwestern  side  of 
Buckhom  Canyon. 

It  is  possible  that  the  pre-Monterey  rocks  north  of  Bee  Rock  Can- 
yon plunge  down  monoclinally  under  the  Yaqueros  in  a  fold  at  right 
angles  to  the  wide  anticlinal  fold  that  exposes  the  former.  Such  a 
plunge  would  be  apt  to  give  rise  to  the  northeast-southwest  table 
between  Bone  Mountain  and  Manzanita  Mountain  that  interrupts  the 
structure  to  the  northwest  and  southeast,  and  this  table  may,  there- 
fore, represent  a  buckling  across  an  otherwise  continuous  structure. 

Southwest  of  Los  Coches  Mountain  one  or  more  folds  are  over- 
turned, but  the  northwestern  extensions  of  these  folds  have  not  been 
examined. 

The  region  southeast  of  Round  Corral  and  Asphaltum  creeks  is 
occupied  by  several  sharp  folds  which  strike  in  a  general  northwest- 
southeast  direction.  Overtuniing  is  not  unconmioii  in  this  series  of 
folds,  one  notable  example  being  an  anticline  on  the  southern  flank 
of  Zaca  Peak.  West  of  Round  Corral  (Veek  the  structure  lines  bow 
around  from  a  northwesterly  to  a  westerly  or  west-southwesterly 
direction,  the  folds  at  the  same  time  becoming  less  compressed  and 
the  cx)nditions  for  the  retention  of  the  oil  in  the  basal  sands  of  the 
hard  shale  sc^ries  correspondino:ly  better. 

FAl'LTS. 

There  is  strong  evidence  of  a  fault  zone  passing  north  of  the  nar- 
row area  of  intrusive  rock  north  of  Zaca  Lake,  and  thence  north- 
westward as  far  as  the  head  of  Rattlesnake  Canyon.     The  resultant 

« 

downthrow  along  this  zone  of  displacement  is  on  the  southwest, 
probably  amounting  to  a  good  many  hundred  feet  toward  the  east 
edge  of  the  I-iompoc  quadrancrlc.  Toward  the  northwest  this  fault 
apparently  dies  out  or  merges  into  a  syncline. 

Just  east  of  IjOS  Coches  Moimtain  there  may  be  another  fault 
which  brings  up  the  uppennost  Va<|ueros  on  the  north.  A  third 
fault  between  the  Pliocene  and  Monterey  may  extend  from  a  point 
netj  the  mouth  of  Round  Corral  Canyon  to  Labrea  Creek, 

17S4— Boll.  322-07 6 
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Faults  also  occur  along  the  Franciscan-Femando  contact  in  the 
region  northwest  and  suutboast  of  Figueroa  Creek,  but  the  resultant 
throw  waa  not  doterniiiied.  A  depositionul  contact  is  clearly  exposed 
aJong  this  same  line  jui^t  northwest  of  Alami)  Pintado  Creek. 


I)espit4'  the  grt'ul  (Icvi'InjMni'iit  i>r  f»I<ls  within  the  Mont«rey  area, 
only  here  and  theiv  dn  sci'imges  of  asphaltic  material  occur.  It 
would  seem  that,  the  fractures  i>nHluce<l  l»y  sharj)  folding  would  give 
adequate  channels  for  the  cscajw  of  petroleum,  and  it  is  surprising 
to  find  so  few  sci^pafics.  The  lie.'*t  develo])ed  of  these  is  on  I.iabrea 
Creek  at  and  near  its  junction  with  Rattlesnake  Canyon,  and  is 
tyjiicai  of  the  localities  noted  north  of  Sisquoc  Kivcr.  The  oil  seep- 
age is  a^wociated  with  small  springs  of  strongly  saline  and  sulphurous 
water,  and  tlie  oil  has  exuded  along  the  bedding  ])lanes  of  the  ilon- 
t^'fcy  shales,  here  thrown  into  a  pronounced  an(i<iiiie  which  has  been 
fk^xcd  in  such  a  manner  as  to  open  out  the  laminte  of  the  shale  and 
thus  give  better  opportuiiily  for  the  jmssagc  of  oil.  Two  wells  have 
been  sunk  here,  but  they  are  shallow  and  olfer  no  additional  data. 

The  follctwing  is  a  l)rief  statement  of  the  asplialt  seepages  and  brea 
deposits  occurring  in  the  San  Kafat>l  Mountains: 

I.  Itmtii'h  lit  upper  Ti'|ni:'(]u<'t  l.'ni'k.  Slif;lit  M(fiiaf,i' in  ImmI  of  cnii-k  (hrc«>-fouit1ia 
iif  u  mile  u1»vi'  jiiiii'li<iti  Willi  niniii  fin-ain.     At  aiiticlinul  axlM.  ■  Hac  liccn  IncMlcil. 

.J.  (In  (\,h„n  Fork  ••{  Tii.ii!«[iiel  I'rirk.  Itlack  liitiluuniHiH  strcakit.  vMnleln,  ami 
IHii-kt'H.  iis^iii'i^ili'rt  u'illi  ■iilt'iirciiiiy  iilialcH  which  arv  iiinniili-nUlv  fnl(i(>d  on  a  inituir 
«-al.'.     Till- i.l«.  lias  l.e..,il,„.i,i,K|. 

:(.   [.alirea  Cr.-i'k,  iii  uml  iiiiir  jniii-iii'Ti  with  KuMlfviwkc  Cunycm. 

4.  SiH-[inn-  ihiirv.  Sr>i'|juj;'-  iiml  iis|iiiiiliU'  samls  iiliiiij;  sliarplv  dcJinnl  anticliDe 
whioh  i^^.I  ■  ■      ■  
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tM)N'CLL'810NH    IlECAKUING    PrTLHE    DKVKLOI'MENT. 

On  account  of  the  ^oator  intensity  of  the  foldinji;  uiid  the  hick  of 
tlie  thick,  more  or  less  unaltered  diatoniaceous  deposits  which  are 
found  a.ss<K*iated  with  all  the  prove<l  ])r()ductiv(»  ii<'l<ls  in  this  <lis- 
trict»  the  indications  are  not  so  encoura<:intr  for  ^ood  wells  in  the 
territnrv  northeast  of  the  head  of  the  Santa  Maria  VaII(»v  as  thev  are 
in  certain  other  portions  of  the  Lonii)oc  and  (luadahipe  (|uadran^les. 
The  areas  in  the  retj^on  of  the  San  Uafael  Mountains  which  offer  the 
most  inducements  for  testing;  hy  tlu»  <lrill  arc  ns  follows: 

1.  North  and  northwest  of  Siscpioc  ]>ost-oiIir<\  alonj;  the  anti<*lines 
shown  on  the  map  (PI.  1,  in  pocket).  There  are  one  <>r  two  local 
anticlines  not  shown,  which  mi«;lit  also  he  prospectc^l  with  <;ood 
residts.  The  hard  shales  exposinl  in  this  re^jjion  nro  ])rohal)Iy  lower 
Monterey  and,  if  such,  do  not  ofhT  as  nuich  proniist*  of  irreat  accu- 
mulations of  oil  at  their  hase  as  if  they  w(»re  overlain  hy  thr  upper 
part  of  the  formation.  The  strata  in  tlu»  rejrion  ahove  tlie  hea<l- 
waters  of  Round  Corral  Canyon  and  Asphalt um  Creek  are  too  sharply 
folded  to  <{ive  nnich  hope  of  the  retention  of  larj^<»  deposits  of  petro- 
leum. Tlie  asphalt  um  deposits  here  an<l  to  the  southeast  indicate, 
that  the  MitK^ene  was  at  one  time  hi<;hly  petroliferous,  hut  that  at 
least  a  considerahle  ))ortion  of  the  oil  has  escaped. 

•J.  In  the  Monten»y  area  horderin*^  the  head  of  the  Santa  Maria 
Valley  on  the  northeast,  hoth  west  and  east  of  T(»pus(jU(»t  Creek, 
wherever  the*  anticlines  are  not  so  sliar|)ly  foMcd  as  to  (rjve  indica- 
tions of  ]>rol>ahle  loss  of  their  petnih'uni  content  hy  (»xc(»ssiv<'  frac- 
titrinLT.  The  surface*  evidence  of  i)ctrolriini  in  this  ircncral  Monterev 
area  i.-^  jrreatc?st  in  the  soutlieast(»rn  or  nior<'  sharply  folded  j)ortio!i, 
hut  for  ohvious  reasons  it  seems  likclv  that  the  chances  fj»r  the 
accumulation  of  economically  important  dc]>osit>^  of  petroleum  an* 
^eatesl  in  the  less  <'om])ressed  area  northwest  of  Lahrea  Cre<'k. 

3.  The  ret^ion  ahout  Fujrler  Point  and  thence  ^oulhwanl  and 
.- Hit h(»ast ward  toward  wSiscpioc.  This  t(M-ritojy  is  douljtless  under- 
laiTi  hy  the  oil-l)earin;^  heds.  l)ut  at  what  (h^pth  it  i>  not  possihh*  to 
calculate  owin<x  to  the  fwct  that  the  Monterey  and  I''(M'nan(lo  are  cov- 
ered hy  later  sedimt^nts.  The  4)ccurrence  of  asj)halturn  at  Puller 
Piiint  is  anaIoji;ous  to  that  at  \\w  ea>t  end  of  (iracio.NM  Kidjifc,  near 
wliicji  very  prt)ductiv<»  tcM'ritory  has  Ixm'U  (leveloj)e([.  The  local  dip 
at  the  point  ('io'^  S\V.)  would  iiidicate  that  the  he^l  places  to  drill 
would  he  east  of  the  asphaltuni  deposit  :  hut  the  unc(Mtainty  whetla^r 
this  dip  is  anything  more  than  a  local  tiltinir  <>!  the  Fernando  is  so 
irreat  that  conclusions  regarding  tlie  hest  localities  for  exj)loitation 
in  this  immediate  vicinitv  are  extnMn<'lv  hazardous.  Southwest  of 
Fugler  Point,  however,  there  is  evidence  of  the  pn^sence  of  a   h)W 
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anticline  which  should  yield  good  returns  if  penetrated  deep  enough. 
This  anticline  is  mentioned  further  in  connection  with  the  Canada 
del  Gato"  area  (pp.  88-^8<t). 

BEtilON    OF    HANTA    INEZ    MUirNTAlNS. 


South  of  the  Lompoc  Valley,  the  Monterey  dips  in  general  north- 
ward away  from  the  higher  portion  of  the  hills,  but  south  of  the 
town  of  Ivonipoc  is  an  area  of  much  disturbance,  and  many  folds 
have  been  developed  on  the  flank  of  what  may  be  thus  broadly  con- 
sidered as  a  monocline.  These  folds  have  been  compressed  in  dif- 
ferent directions  and  there  is  a  puzzling  diversity  of  dip  and  strike. 
There  are  so  many  local  folds  that  it  is  difhcult  to  connect  the  more 
important  axes,  but  the  general  lines  of  disturbance  are  continuous 
for  the  distance  mapped.  The  main  folds  south  of  Ijompoc  are  an 
anticline  near  the  valley  and  a  synoline  north  of  the  Monterey- 
Vaqueros  contact,  with  a  minor  anticline  and  syncline  between. 
The  attitude  of  the  beds  is  extremely  variable,  the  dip  ranging  in 
general  l)etween  15°  and  6(1°.  On  either  side  of  the  main  anticline 
between  8alsipiiedcs  and  San  Miguelito  creeks  the  hard  shales  dip 
away  at  an  (ingte  of  20°  to  40°.  West  of  San  iligiielito  Cre<'k  the 
folds  swing  out  toward  the  valley  or  die  out  on  the  flank  of  the  niono- 
elini',  which  tlui-s  becomes  unbroken. 

The  gifater  part  of  tlie  strata  in  the  hills  south  of  Lompiic  belong 
low  ill  llie  Monterey  formation,  although  higher  portions  remaui  in 
the  nymlinal  folds.  The  disturbance  has  ln'en  considerable,  and 
erosiiin  has  removed  the  highest  parts  of  the  formation,  so  that  the 
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The  conditions  along  this  anticline,  especially  through  the  eastern 
half  of  its  length,  favor  the  occurrence  of  some  oil  at  least,  as  the 
axis  exposes  beds  fairly  high  in  the  formation  and  the  folding  is 
gentle.  No  surface  indications  of  petroleum  were  found,  except  a 
patch  of  burnt  shale  south  of  the  road  about  1  mile  southwest  of  the 
highest  hill  (elevation  1,300  feet)  and  local  outcrops  of  bituminous 
black  flint  and  brown  shale  on  the  west  side  of  the  SOO-foot  hill  about 
half  a  mile  north  of  the  river  and  1  \  mih\s  west  of  tlie  (»ast  edge  of  the 
Santa  Kosa  grant. 

MAIH  PORTION  OF  THE  SANTA  YNEZ  RANGE. 

The  Santa  Vnez  Kang(»  is  composed  chic^fly  of  Tt^joii  nnd  Vaqueros 
rocks  and  its  structure  is  therefore  jnuch  h'ss  inij)ortant  in  connec- 
tion with  the  oil  deposits  than  that  of  the  areas  underlain  by  the 
iloiiterey  shale.  It  is  dominated  by  a  great  southward-dipping 
monocline*  that  forms  a  high  ridge  along  tlu»  coast,  nortli  of  which  the 
strata  are  gently  folded  along  curving  lincvs  that  reflect  two  dilTerent 
structural  trends.  The  folds  that  expose  th(»  T^jon-Vaqueros  and 
the  underlving  Franciscan  beneath  the?  Monten^v  toward  tlu*  west 
end  of  the  range  are  in  places  abrupt  and  compl(»x.  The  anticline 
of  the  Santa  Rita  Hills  has  the  appearance  of  crossing  the  Santa 
Ynez  Valley  and  continuing  in  a  large  fold  to  th<»  southtMist. 

RE<;iON    BKTWKKX   TIIK    SAX    KAFAFL    AND   SANTA    YNKZ    MorXTAlNS. 

CASMALIA  HILLS  AND  SAN  ANTONIO  TERRACE. 

Two  dominant  structural  lines  (Mnitrol  tli(»  rei!:ion  of  the  Casmalia 
Kills  and  the  San  Antonio  terrace.  Oik*  is  a  tyj)i(al  fault  starting 
on  th<^  coast  south  of  Lions  Head  and  \\\o  lon^;  area  of  iii:n(M)us  rocks 
and  running  southeastward.  Al)out  2  miles  west  of  Casmalia  the 
luir  is  continued  1)V  an  anticline,  which  is  probably  ailVcted  l)v  faults 
at  least  as  far  as  Schumann  (.anyon.  This  anticline  j)lunges  more 
and  more  toward  th<»  south(»ast  and  loses  its  character  as  a  fold,  giv- 
ing place  to  the  eastward-(lij){)ing  monocline  of  the  vSan  Antonio 
terrace. 

The  other  structure  Htk*  is  ont>  of  varying  character,  represented 
on  the  map  as  the  Schumann  anticline.  .NortluMist  of  the  area  of 
i;ni<'ous  rocks  that  m(»ets  the  sea  at  Lions  Ilc^ad  Miocene  strata 
form  a  great  mcmocline,  <lip|)ing  rather  steeply  to  llu*  northeast.  In 
the  high  region  of  Mount  Losj)e  and  northeast  of  the  long  strike 
ridgt»s  (shown  in  PI.  IX,  .1,  B)  that  extend  southeastward  from  that 
|>*'ak,  this  monoclines  flattens  out  into  a  structural  ])lalform  of  very 
low  dip,  which  on  approaching  the  edge  of  the  steep  descent  to  the 
Santa  Maria  Valley  bends  over  and  drops  olf  abruptly.  The  axis 
along  which  this  steepening  of  the*,  dip  occurs  is  in  a  way  equivalent 
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to  an  anticlinal  axis  and  is  the  line  mapped.  In  places  it  is  a  true 
anticline,  completed  by  beda  <if  gentle  dip  that  form  a  broad  syn- 
cline  of  the  platform  on  its  southwest  side.  South  of  Corralillos 
("reek  the  structure  curves  westward  and  the  Schumann  anticline  is 
sharply  defined  and  overturned.  It  is  seemingly  to  be  correlated 
with  a  large  anticline  exposed  in  the  Tejon-Vaqueros  rocks  on  the 
coast  north  of  Point  Sal.  South  of  Waldorf  this  anticline,  as  shown 
by  the  dotted  line  on  the  map,  is  not  eertainly  continuous,  but  west 
and  south  of  Schumann  the  same  or  a  similar  fold  becomes  well 
developed  and  the  strata  dip  away  from  it  on  both  sides.  In  this 
portion  and  southeast  of  Schumann  Canyon  its  summit  is  broad, 
but  the  dips  become  verj'  steep  farther  out  on  its  northeastern 
flank.     It  plunges  to  the  southeast  an<l  finally  dies  out. 

Asphalt  and  other  surface  indications  of  oil,  such  as  burnt  shale 
and  bituminous  shale,  occur  at  many  plat-es  in  the  Casmalia  Hills. 
The  shale  is  especially  bituminous  along  and  near  its  contact 
with  the  Fernando  on  the  northeastern  side  of  that  part  of  the  hills 
which  lies  north  of  Schumann,  and  it  has  been  burnt  in  a  numl>er  of 
places  in  the  same  region.  Outcrops  of  burnt  shale  are  prominent 
on  the  hill  just  southeast  of  Schumann,  and  near  the  contact  at  the 
northern  base  of  this  hill  the  shale  is  extremely  bituminous.  Wells 
put  <low'n  in  the  region  about  Schumann  encounter  heavy  tar  at 
depths  i>elow  2,000  feet,  but  no  paj-ing  wells  have  been  struck.  It 
seems  likely,  however,  that  at  greater  deptlis,  possibly  .3,000  feet  or 
so,  the  horiziin  of  the  productive  flinty  be<ls  encountered  in  the 
Graciiisa  Ridge  wells  will  be  penetrated  and  will  yi^'d  lighter  oil  in 
paying  quantities. 

Till'  rviri'iii  IvioL'  nurtli  of  Srhmiiann  Ciinvnii,  wcs;  of  lli.-  valle' 
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becomes  more  nearly  normal,  both  flanks  will  probably  be  found 
proiluctive  if  penetrated  deep  enough.  The  surface  structure  indi- 
cates that  the  oil  horizon  plunges  to  a  greater  and  greater  depth 
under  the  whole  region  southeast  of  Casmalia  CYeek.  The  anticline 
south  of  Antonio  is  well  defined  and  conditions  favor  the  presence 
of  oil  on  both  this  and  the  other  anticline  of  the  San  Antonio  terrace. 
The  main  anticline  on  the  coast  north  of  Point  Sal,  already  men- 
tioned, is  in  the  Vaqueros  and  is  doubtless  barren  of  oil.  North  of 
this  locality  the  Monterey  is  decidedly  bituminous,  but  no  special 
circumstances  point  to  the  existence  of  p'^trolcuni  in  large  quantity. 
It  is  quite  possible  that  the  region  north  of  Mussel  Kock,  the  next 
point  to  the  north,  would  prove  promising  if  the  surface  covering 
allowed  the  examination  of  the  underlying  formations  and  the  deter- 
mination of  anticlines.  The  structure  seems  to  cause  the  forma- 
tions to  plunge  toward  the  north  from  the  north  end  of  the  Casmalia 
Hills,  and  a  fairly  high  portion  of  the  Monterey  may  underlie  the 
region  at  the  mouth  of  the  Santa  Maria  Valley. 

BUBTON  MESA. 

The  plateau  known  as  Burton  Mesa  is  a  region  of  numerous  low 
folds  in  the  Monterey.  Along  the  coast  the  flinty  shales  are  of  low 
dip,  but  folded  and  contorted  in  a  complex  way.  The  folds  indi- 
cated on  the  map  are  the  most  important  ones,  but  whether  or  not 
they  are  perfectly  continuous  imits  across  the*  mesa  can  not  be  defi- 
nitely ascertained  on  account  of  the  covering  of  sand  over  the  shale. 
The  mesa  appears  to  be  struct unilly  a  continutition  of  the  region 
near  Lompoc  as  much  as  it  is  of  the  Purisinia  Hills,  although  topo- 
graphically it  is  a  C(mtinuali(>n  of  th(^  latter.  In  tlie  neighborhood 
of  Pine  and  Santa  Lucia  canyons  th(^re  is  a  thick  series  of  shales 
striking  far  to  the  north  of  west  and  direcling  tlie  structural  lines 
across  the  Lompoc  Valley  as  if  to  join  those  in  that  region  that 
show  a  tendencv  to  curve  northward.  West  of  Pine  Canvon  the 
strike  changes.  The  Pine  Canyon  anticline  shows  this  curving 
structure.  It  is  a  well-dciincd  fold  with  broad  sunnnits  and  sup- 
ports on  its  flanks  a  considerable  thickness  of  shale.  The  dip  ranges 
from  10°  to  30°.  A  characteristic  a})])earance  of  the  shale  and  dip 
on  the  northeastern  flank  is  shown  in  PI.  TV,  7)  (p.  36).  North  of 
this  fold  occur  a  number  of  minor  Ilexiires  and  there  is  some  doubt 
as  to  the  continuity  of  the  anticline  mapped  at  the  head  of  Oak 
Canvon  with  the  well-ch'Iined  fold  n(nir  the  coast  in  the  vicinitv  of 
Canada  Tortuga.  A  well-marked  low  anticline  occurs  near  the  coast 
north  of  Lompoc  Landing  and  probably  continues  inland.  It  is 
probable  that  either  one  anticline^  of  considerable  importance  or  sev- 
eral small  component  flexures  start  across  the  mesa  between  Tangair 
and  San  Antonio  Creek.     The  summit  of  all  these  anticlines  so  far 
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mentioned  on  Burton  Mesa  exposes  hard  shale  that  is  low  down  in 
the  Ifonterer,  and  it  is  probable  that  nith  the  lemoval  of  all  of  the 
higher  portion  opportunitr  has  been  offered  for  the  escape  of  the 
greater  part  of  the  oil  from  the  basal  beds. 

A  low  anticlinal  fold  occuts  in  the  northeast  comer  of  Bm-ton  Mesa 
and  plunges  toward  the  southeast.  As  indicated  br  the  dotted  line 
on  the  map,  it  is  possiblv  a  continuation  of  the  anticline  south  of 
Antonio  liefore  mentioned  and  another  on  the  east  edge  of  the  mesa 
that  is  discussed  in  connection  vrith  the  Purisima  Hills.  The  evi- 
<lence  of  folds  in  this  northeastern  portion  of  the  mesa  is  scanty,  but 
it  is  probable  that  where  they  occur  accumulations  of  oil  are  present. 

The  brittle  calcareous  and  flinty  shale  of  the  lower  portion  of  the 
Monterey  that  is  exposed  along  tlie  coast  edge  of  Burton  Mesa  is  very 
bituminous.  The  petroleum  slowly  oozes  out  in  some  places  and 
collects  in  tarry  patches  over  the  shale.  Up  Oak  Canyon  the  shale  is 
bituminous,  pockets  of  tar  being  found  in  places  in  the  flint  on  the 
surface.  On  the  northern  border  of  the  mesa,  near  the  point  where 
the  road  to  Lompoc  comes  up  the  grade,  a  3-inch  bed  of  bitui 
sand  was  found  traversing  the  shale  fairly  high  in  the  formation. 

rUBIBIKA  HILU. 


The  Purisima  Hills  are  forme<l  by  one  broad  anticline  which  has  its 
axis  on  the  south  siile  of  the  summit  of  the  dominating  ridge.  Through 
the  major  portion  of  this  anticline's  course,  from  the  region  north  of 
the  Hill  wells  to  a  point  beyond  Redrock  Mountain,  the  beds  lie 
almost  horizontal  on  its  summit,  becoming  gradually  steeper  up  to 
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FAULTS   AND   ASPHALT   DEPOSITS. 


A  thrust  fault  is  well  exposed  in  two  forks  of  Cebada  Canyon,  where 
the  Monterey  has  been  thrust  to  the  southwest  up  over  the  Fernando. 
The  dip  of  the  fault  plane  is  toward  the  northeast  at  an  angle  of  about 
30°.  The  movement  has  amounted  to  a  few  hundred  feet.  The 
fault  zone  seems  to  continue  for  a  consideral)le  distance  toward  the 
northwest  and  to  be  marked  near  the  Wise  &  Denigan  oil  well  No.  8 
by  large  asphalt  deposits  occupying  fractures  in  the  Fernando  that 
dip  at  an  angle  corresponding  to  that  of  the  fault  plane.  The  asphalt 
back  of  the  Wise  &  Denigan  well  No.  1  is  ])robal)ly  due  to  oil  that 
has  seeped  through  the  same  fra(*tured  zone  and  collected  in  the 
sandy  capping. 

The  structure  of  these  hills  is  further  complicated  by  a  prominent 
overturned  anticline  in  the  Monterey  alonp:  the  contact  with  the 
Fernando  southwest  of  Los  Alamos  and  by  what  appears  to  be  a  fault 
exposed  near  the  mouth  of  Canada  Laguiia  Seca.  In  this  fault  the 
Fernando  limestone  and  sand  are  thrown  down  several  hundred 
feet  on  the  north,  at  the  edge  of  the  Los  Alamos  Valley. 

In  addition  to  the  deposits  above  noted,  asphalt  occurs  in  great 
abundance  south  and  east  of  Redrock  Mountain,  surrounded  by 
a  large  area  of  very  bituminous  shale  and  burnt  shale.  Undoubtedly 
an  immense  amount  of  petroleum  has  escaped  here,  but  it  is  not 
probable  that  the  supply  is  exhausted.  On  the  contrarj'^,  the  pres- 
ence of  this  petroliferous  material  on  the  surface,  coupled  with  the 
favorable  structural  conditions,  points  strongly  to  the  existence  of 
rich  oil  deposits  beneath. 

A  large  mass  of  asphalt  is  present  in  the  nuich-fracturcMl  Monterey 
shale  west  of  La  Zaca  Creek,  and  very  bituminous  shale  aj^proach- 
iiig  asphalt  in  character  occurs  on  the  creek  south  of  Zaca  station. 
The  shale  is  bituminous  throughout  the*  zone  of  disturbaucc  traversed 
by  this  creek  south  of  Zaca.  On  account  of  the  low  position  of  the 
strata  in  the  formation  and  the  seven^  fracturing  and  folding  that 
have  taken  place,  it  seems  probabh^  that  the  conditions  have  been 
favorable  in  this  eastern  portion  of  the  Purisima  Hills  for  the  escape 
of  much  of  the  j)etroleum. 

Small  beds  of  bituminous  sands  interb(Ml(l(»(l  with  soft  shale  occur 
in  the  upper  portion  of  the  Monterey  just  east  of  Canada  de  la  Puenta, 
about  three-fourths  of  a  mile  south  of  (he  Los  Alamos  Vallev;  also 
on  the  north  side  of  the  Purisima  Hills  ri(l<;e,  about  2  miles  south 
of  Harris.  A  small  patch  of  shale  that  is  saturated  with  bituminous 
material  is  exposed  in  the  canyon  followed  by  the  road  1  mile  south 
of  the  Los  Alamos  Oil  and  Dev(»lo])ment  Company  well  No.  1,  and 
the  shale  is  bituminous  in  the  neighborhood  of  the  Todos  Santos  well. 
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The  Purisima  Hills  anticlinal  fold  seems  to  offer  a  favorable  loca- 
tion for  oil  wells  along  most  of  its  south  ftajik.  Owing  to  the  plung- 
it^  of  the  fold  toward  its  middle,  lower  and  lower  strata  are  reached 
as  its  extremities  are  approached.  In  the  region  mapped  aa  Fer- 
nando, between  the  Hill  wells  and  the  head  of  Canada  Laguna  Seca, 
the  summit  be^  of  the  Monterey  are  overlain  by  later  sand  and  a 
well  would  have  to  be  drilled  to  a  great  depth  before  reaching  the 
oil  horizon.  East  and  west  of  that  region  the  oil  horizon  probably 
approaches  nearer  to  the  surface.  In  the  vicinity  of  Rodrock  Moun- 
tain, especially  to  the  west  of  it,  the  conditions  seem  very  favorable 
for  the  occurrence  of  oil.  Farther  east,  near  La  Zaca  Creek,  a  much 
lower  portion  of  the  Monterey  is  exposed  and  the  rocks  have  been 
affected  by  considerable  disturbance,  so  that  it  is  less  likely  that  large 
accumulations  of  oil  will  be  found  tliere. 

ASEA  Aaomni  bakta  tsbz. 

The  Santa  Ynez  anticline  is  a  distinct  steep  fold  exposed  southeast 
of  the  town  of  that  name.  It  supports  on  its  flanks  a  thickness  of 
at  least  2,500  feet  of  calcareous  and  porcelaneous  shales  belonging  to 
the  lower  portion  of  the  Monterey.  The  dips  at  the  axis  range 
between  50°  and  80°,  but  become  lower  toward  either  side.  This 
fold  is  seemingly  a  structural  continuation  of  tliat  of  the  Purisima 
Hills,  and  it  probably  extends  under  the  gravels  of  the  region  around 
Santa  Ynez,  its  axis  pas.sing  approximately  under  that  town.  But 
it  is  doubtful  whether  it  is  actually  the  same  as  either  of  the  anti- 
clines that  are  shown  on  the  map  as  stopping  indefinitely  near  the 
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SOLOMOK  HILLS  AITD  AREA  NORTH  OF  LOS  OUVOS. 

(JKNEIIAL  FEATI'RKH. 

Three  anticlines  dominate  the  structure  of  the  Solomon  Hills. 
These  are,  in  order  from  west  to  east,  the  Mount  Solomon  anti- 
cline (first  worked  out  and  named  by  W.  W.  Orcutt),  the  Gato  Ridge 
anticline,  and  the  La  Zaca  Creek-Lisque  Creek  anticline.  In  addi- 
tion to  these  there  are  at  least  three  or  four  minor  anticlines  associ- 
ated with  the  first  named,  and  at  least  one  north  of  that  on  Gato 
Ridge. 

Mf)lTNT    KOT.OMON    AM>    ASSOCl ATKD    ANTKMNKS. 

Structure. — The  details  of  the  northwest  end  of  the  Moimt  Solo- 
mon and  associated  anticlines  are  shown  on  tlie  contour  map  (PI.  X, 
p.  92).  Wliether  or  not  the  antichne  extending  through  the  Santa 
Maria  Oil  and  Gas  and  the  Escolle  properties  shouhl  be  considered 
the  true  extension  of  the  Blount  Solomon  anticline,  or  whether  the 
Hartnell  anticline  should  be  so  considered,  is  imj)ossible  to  decide 
with  the  data  at  present  available.  It  is  the  writers'  opinion  that 
the  Mount  Solomon  and  Hartnell  anticlines  an*  the  result  of  the  same 
set  of  forces  and  should  tlierefon*  be  considered  as  one  fold,  but  that 
the  evidence  offered  by  the  data  used  in  compiling  the  map  favored 
the  relations  shown  on  PI.  X.  The  mapping  of  the  Pinal,  Ilobbs,  and 
Newlove  anticlines  is  based  almost  entirely  on  evidence  furnished 
by  the  drill,  although  certain  su])ei'ficial  evidence  strengthens  the 
theory'  of  their  ])resence. 

The  southeastern  })ortion  of  the  Mount  Solomon  anticHno  gradu- 
ally fades  out  into  the  south(»ni  flank  of  the  Gato  Ridge  anticline, 
losing  its  individualitv  toward  the  southeast  end  of  the  Mount  Solo- 
mon  ridge.  The  northeastern  Hank  of  the  anticline  is  nuich  the 
.steeper,  dipping  from  20°  to  oS*^  in  ihc  region  of  Mount  Solomon, 
and  crpaduallv  Hattenin<;  out  from  that  locality  southeast  wai*d. 

The  Western  Union  anticlin(^  is  a  well-developed  llexure  with 
steep  northern  flank  just  south  of  the  eastern  group  of  Western 
Union  wells,  but  its  identity  becomes  mon^  and  mon*  obscure  as  it 
fades  into  the  southwest (Mri  Hank  of  the  Gato  Kidge  anticline  in  a 
similar  manner  to  the  Mount  Solomon  anticlin<\  just  south  of  the 
latter's  southeast  end. 

The  relations  existing  b(»tween  i]w  Mount  Solomon  and  wSchu- 
mann  anticlines  are  vague,  although  it  is  certain  that  th(\v  are  not 
in  alignment  and  therefore  can  not  })ossil)ly  Ix*  one  continuous  feature. 
If  the  Hartnell  and  Mount  Solomon  anticlines  are  considered  as  one, 
the  relations  which  exist  Ix^t  ween  this  united  anticline*  and  the  Schu- 
mann anticline  are  exactly  analoirous  to  those  which  exist  between 
the  Mount  Solomon  and  (nito  Kidire  and  the  Gato  Hidire  and  La 
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Zaca  Creek-Lis(|ue  Creek  anticlines,  viz,  tlie  a<ljae«nt  anticlines  are 
en  6olielnn  with  each  other,  each  plunging  down  past  the  en<i  of  its 
neighbor.  Graciosa  and  Harris  canj'ons,  particularly  the  former, 
are  the  superficial  reflection  of  the  syncline  between  the  ends  of  the 
Mount  Solomon  and  Schumann  anticlines,  and  Solomon  Canyon  and 
Canada  de  los  Alisos  occupy  analogous  positions  between  the  Mount 
Solomon  and  Gato  Itidge  and  the  Gato  Ridge  and  La  Zaca  Creek- 
Liaque  Creek  anticlines,  respectively. 

AnphaUmw  rff/w*i(s.— Practically  the  whole  top  of  Graciosa  Ridge 
is  ciipjird  by  post-Monterey  sandstones  and  conglomerates,  which 
are  heavily  charged  with  asphaltum.  Asphaltum  also  ix'curs  as 
veins  penetrating  llie  Monteri^y  and  post-Mont^-rey  Iwds  at  the 
east  end  of  the  ridge,  and  a  fme  example  of  a.spha)tum  veins  nn<l  vein- 
lets  filling  the  joint  cracks  in  the  Monterey  la  to  be  seen  beside  the 
road  leading  up  to  the  Santa  Maria  Oil  and  Gas  (Squires)  well  \o.  4. 
This  (K^currenee  of  the  as]>haltum  in  tlie  joint  cracks  of  the  shale 
gives  a  clew  to  the  probable  channels  through  which  the  oil  migrated 
from  the  depths  to  the  surface,  and  leads  to  the  general  conclusion 
that  joint  rracks  are  the  reservoirs  and  channels  of  migration  of  the 
oil  in  many  of  the  productive  strata  of  this  field. 

t'omiusions  rcganJing  /vlure  (in^elopnicnl. — It  is  {»l)vious  from  a 
glance  at  tlie  contour  map  (PI.  X,  p.  02)  and  a  ]>eru8al  of  the  detailed 
dcscriplion  of  the  develojM'd  areas  that  i>ractically  all  of  the  terri- 
tory covered  by  contour  lines  is  productive.  The  only  part  <if  the 
region  about  which  (he  compiler  of  the  ma]>  has  any  misgivings  as  to 
produclivcncss  is  thiit  occupying  a  general  synchnal  position  south 
of  the  great  bend  in  the  Mount  Solomon  anticline.  These  misgivings 
by    Ihe   idea   (hat   probnbly   the 
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the  crest  of  the  ridge  between  Canada  del  Gate  and  Solomon  Canyon 
and  for  a  considerable  distance  to  the  east  is  coincident  with  the 
highest  topographic  features.  In  general,  tlie  anticline  j)lunges  from 
the  southeast  toward  the  northwest,  the  lowest  beds  along  its  axis 
being  exposed  in  the  region  of  Canada  Arena.  The  Fernando  is  the 
only  format iim  exposed  along  the  entire  length  of  (he  anticline. 
With  the  exception  of  some  diatomaceous  beds  which  closely  resemble 
and  were  at  first  mistaken  for  Monterey  sliale,  the  rocks  exposed  are 
sandstone  and  conglomerate. 

The  northwestern  portion  of  the  fold,  from  the  Howard  Cany(m 
road  northwestward,  is  a  gentle  arch  with  (li])s  on  the  flanks  rarely 
more  than  5°,  except  northwest  of  Los  Alamos,  where  the  dij)s  of 
some  of  the  youngest  beds  exposed  change  abni])tly  from  3°  or  4°  to 
15*^.  The  northwestern  extremity  of  the  anticline  fades  off  into  the 
low  slopes  toward  the  Santa  Maria  Valley.  From  Howard  Canyon 
eastward  the  southerly  dij)  increases  rapidly  in  steepness  until  in  the 
region  of  Canada  de  los  Codies  it  attains  a  slope  of  25°  to  85°,  the 
steepest  dip  being  at  the  junction  of  (he  canyon  last  named  and 
Canada  Arena.  Although  the  southerly  dip  increases  in  steepness 
toward  the  east  along  the  anticline,  the  dip  of  the  northern  slope 
becomes  less,  ranging  from  12°  or  15°  in  the  region  of  Howard  Can- 
yon to  3°  or  4°  just  west  of  Canada  Arena,  and  finally  changing  to  a 
gentle  southward  slope  in  the  regitm  of  Cuaslui  Creek,  thus  fading 
into  the  southern  (lank  of  one  of  the  folds  emanating  from  the  region 
at  the  head  of  Round  (\)rral  Canyon  and  Asphaltum  Creek.  In  the 
ri'gioii  of  (Huislui  Creek  the  flexure  is  thc^refore  not  a  typical  anti- 
cline in  the  regidarly  accepted  sense,  the  horizontal  i)eing  used  as 
datum,  but  in  everv  other  way  it  conforms  to  the  characters  of  such 
a  .stnictural  feature. 

On  the  ridge  north  of  the  central  portion  of  Canachi  del  Gato  and 
extending  indefinitely  northwestward  out  into  the  Santa  Maria  Val- 
ley a  mile  or  so  southwest  of  Gary  is  a  low  anticlin(\  the*  soutlu^aslern 
end  of  which  merges  into  the  almost  horizontal  nortliern  (lank  of  the 
Gato  Ridge  anticline.  At  no  place  along  its  course  is  this  stiiictural 
feature  well  developed,  although  it  appears  (o  be  fairly  ])ersistent 
for  a  considerable  distance. 

Hrldences  of  petroleum. — Veiy  little  surface  eyidence  of  (lie  exist- 
ence of  petroleum  in  the  (lato  Ridge  anticline  is  to  be  liad  along  its 
course.  Near  its  axis  in  Cuaslui  Cre(*k  and  nortli  of  the  head  of 
Howard  Canyon,  howeyer,  tlie  Fernando  sliale  is  slijj^htly  bitumi- 
nous.  The  Pezzoni  well,  in  Canada  Arena;  the  Williams  well,  near 
Canada  del  Gato,  \\  miles  west  of  the  Howard  Canyon  road,  and  the 
Palmer  Oil  Company^s  well  No.  1,  1  mile  west  of  the  lower  part  of 
Canada  del  Gato,  all  approximately  a  mile  north  of  the  anticline, 
offer  indisputable  evidence  of  the  ])resence  of  the  oil-bearing  rocks 
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along  a  considerable  extent  of  its  northern  tlank.  In  the  region  of 
the  Pezzoni  well  an  unproductive  oil  and  gas  bed  ia  encountered  at 
about  1,200  feet  below  the  surface,  immediately  followed  by  a  dia- 
base or  lava  rock  in  which  the  feiromagnesian  minerals  have  been 
weathered  to  serpentine.  In  the  Williams  well  the  same  or  a  similar 
oil  and  gas  bed  occurs  much  lower.  The  well  was  abandoned  owing 
to  the  terrific  gas  pressure,  which  heaved  heavj-  tar  up  into  the  hoio 
and  stopped  operations.  The  Palmer  well  is  productive,  yielding  oil 
of  16°  or  17°  gravity.  Although  not  directly  associated  with  the 
minor  anticline  northeast  of  Canada  del  Gato,  the  asphaltum  occur- 
ring at  Fugler  Point,  1  mile  north  of  Garj',  is  important  in  indicating 
the  probable  presence  of  petroleum  in  the  upper  end  of  the  Santa 
Maria  Valley. 

Conclusions  regarding  future  developTnent. — The  region  north  of  the 
Gato  Ridge  anticline,  from  the  vicinity  of  Cuaslui  Creek  westward  to 
a  point  at  least  a  mile  beyond  the  Howard  Canyon  road,  is  underlain 
by  strata  so  nearly  horizontal  as  to  preclude  their  containing  very 
productive  accumulations  of  petroleuiiL  North  and  northwest  of 
this  region,  however,  especially  near  the  a.xes  of  the  Gato  Ridge 
anticline  and  the  anticline  north  of  it,  the  indications  are  good  for 
productive  wells.  The  conditions  for  the  accumulation  of  petro- 
leum are  also  good  along  and  just  south  of  the  axis  of  the  Gatu  Ridge 
anticline  in  the  vicinity  of  Cuaslui  Creek  and  from  this  locality  west- 
ward to  the  upper  portion  of  Canada  de  los  Coches.  The  same  might 
be  said  of  the  immediate  vicinity  of  the  mw  of  prominent  knobs 
wliich  extend  in  a  straight  line  northwestward  for  5  miles  from  a 
point  about  a  mile  north  of  Ijos  Alamos,  and  possildy  also,  but  in  a 
lews  detjree.  for  the  tiTritorv  bptwi-oii  ihcm*  knobs  and  tlu'  axis  of  l,h 
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ridge  east  of  Figueroa  Creek,  as  shown  in  PI.  VI,  A  (p.  46),  and  30° 
SW.  at  the  junction  of  Figueroa  and  Lisque  creeks. 

Conclusions  regarding  future  development. — No  indications  of  petro- 
leum were  noticed  in  proximity  to  this  antichne,  and  it  is  ahnost  cer- 
tain that  no  productive  wells  will  be  developed  on  that  part  of  it 
which  Ues  wthin  the  Lompoc  quadranti;lo,  with  the  possible  excep- 
tion of  a  small  area  at  its  west  end.  There  are  good  reasons  for 
believing  that  the  oil-bearing  beds  are  absent  from  most  of  its  north- 
em  flank,  and  if  present  under  certain  portions  of  its  southern  flank 
they  lie  at  such  a  depth  as  to  preclude  their  successful  exploitation. 

SUMMARY  OF  CONCLUSIONS  REGARDING  FUTURE  DEVELOP- 
MENT. 

There  can  be  no  doubt  that  the  region  treated  in  this  report  is  one 
of  great  promise.  The  structural  and  (>tht»r  conditicms  in  general 
favor  not  only  much  more  extensive  dc^velopment  of  the  territory 
that  has  already  been  tested,  but  also  the  development  of  new  fields. 
It  must  be  borne  in  mind  continually,  however,  that  absolute  deter- 
mination, by  work  on  the  surface,  of  the  possibilities  of  occurrence 
or  nonoccurrence  of  oil  in  any  one  locality  is  not  possible.  The 
best  that  can  be  done  is  to  calculate  the  degree  of  probability  on 
the  basis  of  a  summation  of  surface  indications  and  structural  con- 
ditions. 

The  following  is  a  list  of  tlie  tracts  that  appear  esj)ecially  to  invite 
testing  with  the  drill.  Most  of  thorn  hav(»  Ixhmi  <liscusse<l  in  the 
foregoing  pages: 

North  and  north<*artl  of  Sii*<[unc  ])nst-<»tli<-(\  aloiiLr  ;nin<liii«\s. 

(if'iKTal  r«-gi(>n  cast  an<l  w«*^t  <»f  'r<'piis([ii«'r  Cn-rk. 

Imiefinil*'  an-a  west  of  (larv,  alH.ut  l'\iL'l<r  l^oiiit. 

Santa  Rita  Hills  ant icliiic 

Xf-ar  tlu*  <-oast  north  of  Scliunuum  ('aiiynn. 

Si'humann  anlic'lin«*  in  t^)Uth<'ast<'rii  purl  nf  (  asiiuilia  Hills. 

Two  anticlines  on  San  Ant<»ni<>  i^rraec. 

Questionable  region  at  mouth  <A  Santa  Maria  Vall<  v. 

Nortln-asttTii  jX)rtion  of  Burton  M«'f-a. 

Purisinia  Hills  anti<'line,  niorr  csiMciall}'  ili<-  s. uiih  sidr. 

Anticline  at  head  of  Santa  Ijnia  ("anyn. 

R«*ginn  al>oui  Mount  Solomon  aii<l  r(l;it«Ml  anii(Iiii«>. 

Along  (rato  Ridge  antielin**  an<l  Houtli  (.f  jr  lui  wimh  (  aiuuia  d<'  l(»s  Alis<>s  and  <  anada 
de  lo8  Coehes. 

Row  of  knobs  extending  5  mil*  ^  nnriliwc^iwanl  i"n>ni  a  i»«>ini  alxtut  1  niil<'  north  of 
!>!*  Alamos  and  the  territory  b«'i\v<rn  1h^•^<«'  knolis  and  iln-  (iato  Uidirc  anli<'lin<-. 

Ri.-gion  northwest  of  the  head  of  Howard  (anynn,  ••>p«<ially  along  the  axis  of  the 
antieline  south  of  Gary. 

A mn'o  Grande  field.     (Se<*  pp.  107   lOS.i 
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DETAILS  OF  TUB  I>EVELOPEI>  TEBKITOUY. 

DEFINITION   OF  FIELDS. 

In  the  following  paragraphs  are  discussed  the  more  important 
details  regarding  the  structure,  geology,  oil  zones,  oil,  and  production 
in  the  areus  in  which  development  is  well  under  way.  Tliese  areas 
within  the  Lompoe  and  Guadalupe  quadrangles  fall  naturally  into 
two  fields — the  Santa  Maria  field  and  the  Jjompoc  field.  The  former 
covers  the  whole  territory  between  the  Los  Alamos  and  Santa  Maria 
valleys,  and  the  latt«r  is  used  to  designate  the  region  south  of  the  Los 
Alamos  Valley.  A  third,  the  Arroyo  Grande  field,  covering  the  ter- 
ritory north  and  northwest  of  the  town  of  that  name  in  San  I^uis 
Obispo  County,  lies  to  the  north  of  the  region  mapped,  but  is  briefly 
discussed.  A  note  on  the  Ilua-sna  field,  east  of  Arroyo  Grande,  is 
also  appended. 

SANTA  MARIA  FIELD. 


WHAT  IT  BHDWB. 


The  contour  map  of  the  Santa  Maria  field  (PI.  X)  shows  the  bound- 
aries of  the  different  jKoperties,  the  api>roximale  location  of  all  the 
wells,  and  the  general  structure  of  the  field.  The  structure  is  indi- 
cated by  contours  showing  the  di.stance  Wlow  sea  level  of  a  liypi>- 
tlietical  horizon,  zone,  or  bed,  wliich  just  reaches  sea  level  at  the 
highest  part  of  the  axi.«  of  tlie  Mount  Solomon  anticline.  The  con- 
tour interval  is  1(10  feet.     By  means  of  thi.s  map  the  direction  and 
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the  latter  was  followed.  In  the  Fernando  formation,  which  iincon- 
fonnably  overlies  the  Monterey  shale,  it  was  natural  to  expect  vari- 
ance with  the  structure  in  the  Monterey,  but  even  here  the  surface 
evidence  more  often  supported  than  contradicted  the  evidence 
obtained  by  the  drill. 

DITFIOULTIES  OF  PKEPA&ATION. 

After  carefully  plotting  all  the  logs  on  a  uniform  scale  it  was  found 
that  the  greatest  obstacle  to  overcome  in  the  preparation  of  the  con- 
tour map  was  the  correlation  of  strata  from  one  well  to  another  and 
from  one  part  of  the  field  to  another.  The  difficulties  of  such  corre- 
lations are  doubtless  familiar  to  anyone  who  has  tried  to  work  out 
the  underground  structure  of  any  of  the  California  fields.  The  Santa 
Maria  field  offers  as  much  encouragement  to  successful  study  and 
mapping  of  the  underlying  oil-lx^aring  formations  as  any  other  so  far 
examined  bv  the  senior  author,  and  so  the  effort  has  been  made  to 
delineate  on  the  map  all  the  details  of  stnicture  furnished  by  the 
data  available,  and  to  supplement  these  details  by  showing  for  the 
untested  areas  what  seem  to  be  the  most  likely  conditions  of  under- 
ground structure.  It  is  very  easy  to  make  an  ambiguous  statement 
which  will  apply  equally  well  to  any  conditions  exposed  by  future 
development,  no  matter  what  they  may  be;  but  it  is  impossible  to 
make  an  ambiguous  map.  However,  it  is  deemed  advisable  to  show 
the  information  in  hand,  incomplete  as  it  is,  on  a  map.  Future 
development  will  doubtless  add  much  to  our  knowledge  of  this  field, 
and  will  show  the  inaccuracies  of  the  contouring  as  here  presented, 
but  it  is  hoped  that  the  benefits  which  may  accme  to  the  operators 
from  a  knowledge  of  the  general  stnicture  of  the  field  will  compen- 
sate in  a  measure  for  the  errors  in  detail  which  are  to  be  expected  in 
a  map  based  on  data  so  incomplete. 

THE    WELLS. 
AREAS  DISCUSSED. 

For  convenience  of  discussion  the  proved  portion  of  the  Santa 
Maria  field  has  been  roughly  divided  into  six  areas,  based  largely 
on  the  geographic  position  of  the  wells.  The  following  are  the  areas 
discussed :  Hall-Hobbs-Rice  ranch;  Pinal- Fox-IIobbs;  Pinal-Fol- 
som-Santa  Maria  Oil  and  Gas-Escolle;  Ilartnell-Brookshire;  Grsr 
ciosa- Western  Union;  and  eastern  Western  I'nion. 

OIL  ZONES. 

Although  in  many  instances  detailed  c()rrelati<m  from  one  well 
to  another  is  impossible,  four  fairly  well  deiincMl  oil  zones  are  Iwlieved 
to  be  recognizable  in  the  Santa  Maria  field.  Of  these  at  least  two 
are  found  in  practically  every  part  of  the  field,  although  all  vary 
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more  ur  less  in  thickness,  eonipositiun,  and  yield  from  well  to  well. 
The  mo9t  persistent  zone  in  that  part  of  the  field  which  is  best 
developed  at  the  present  time  is  the  second,  or  B  zone.  Above 
this  in  many  of  the  wells  is  zone  A;  in  others  zone  C  is  penetrated 
below  it.  The  upper  zone  in  the  eastern  group  of  Western  Union 
wells,  although  above  what  is  supposed  to  be  the  horizon  of  B,  is 
probably  (considerably  above  the  A  zone  of  the  northern  part  of  the 
field,  where  it  appears  to  have  no  correlative. 

With  the  exception  of  the  lowest  zone  in  the  wells  in  the  east«m 
part  of  the  field  and  of  a  few  others  mentioned  in  the  detailed  dis- 
cussion uf  the  local  areas,  the  oil  zones  appear  to  represent  fractured 
portions  of  the  shales,  the  interstices  in  the  breccia  or  possibly  joint 
cracks  in  the  beds  being  the  reservoirs  for  the  storage  of  the  oil. 
The  exceptions  to  the  brecciated  productive  zones  are  apparently 
typical  sands  and  gravels. 

BAIl-aOBBB  aiOX  KAHOB  ASIA. 


The  area  here  {liscussed  comprises  the  California  Coast,  Meridian, 
Coblentz,  Santa  Maria  Oil  Company  (Keyser),  Hall  &  Hall,  New 
Pennsylvania,  Rice  ranch,  and  Dome  properties  and.  the  north- 
eastern part  of  the  Hohbs  lease,  and  occupies  the  ridges  and  canyons 
which  extend  northward  from  the  east  end  of  the  mam  Gracioss 
Ridge.  Tiie  wells  are  located  on  the  northwestern  flank  of  the 
Mount  Solomon  anticline,  at  or  immediately  northwest  of  the  ter- 
ritory, in  which  it  swinj^  from  a  northeastward  to  a  southeastward 
trend.     In  addition  to  the  main  anticline  there  appear  to  be  one  or 
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one  log  reports  "no  shell"  until  the  first  oil  zone  is  reached.  Wher^ 
ever  "shell"  is  penetrated  accumulations  of  gas  or  oil  or  both  are 
generally  encountered.  The  shale  seems  to  be  somewhat  more  sandy 
in  this  area  than  farther  west  or  in  the  Graciosa- Western  Union 
legion. 

Three  oil  zones  are  recognizable  in  the  area  under  discussion, 
although  practically  all  the  strata  from  the  top  of  the  uppermost 
zone  to  the  bottom  of  the  lowest  are  more  or  lo«s  petroliferous  at 
one  point  or  another. 

The  first  productive  zone  (A)  is  penetrated  at  a  depth  of  1,600 
to  2,100  feet,  varying  according  to  the  position  of  the  well  geograph- 
ically and  relatively  to  the  axis  of  the  anticline.  Its  top  is  from  560 
to  700  feet  above  the  top  of  zone  B  in  this  area.  -Zone  A  is  produc- 
tive for  a  distance  in  the  wells  of  20  to  more  than  500  feet.  Of  course 
this  does  not  mean  that  the  beds  are  productive  in  any  one  well  for 
the  whole  distance  of  500  feet,  but  that  throughout  the  zone  alternat- 
ing barren  and  productive  beds  occur  at  such  close  and  as  a  rule 
inr^jular  intervals  as  to  preclude  their  practical  differentiation.  The 
productive  measures  in  this  first  zone  consist  both  of  hard  frac- 
tured shale  or  ''shell"  and  more  or  less  porous  sandy  layers.  In  at 
least  one  of  the  wells  the  oil  accmnulates  only  imder  the  hard  ''shell" 
layers.  Zone  A  is  the  only  one  penetrated  by  some  of  the  wells 
farthest  away  from  the  anticlinical  axis.  In  these  wells  it  appears 
to  be  much  more  petroliferous  than  in  wells  higher  up  on  the  fold. 

The  second  oil  zone  (B)  is  from  550  to  700  feet  below  the  top  of 
w>ne  A,  and  its  upper  limit  is  about  300  or  400  feet  above  the  top  of 
w>ne  C,  although  it  can  hardly  be  said  to  be  distinct  from  C  in  all 
the  wells,  so  rich  in  oil  are  some  of  the  intorv^(»ning  strata  between 
them.  True  sands  of  medium  ^ain,  in  addition  to  the  productive 
hard  shale,  yield  the  oil  in  this  zone. 

The  third  oil  zone  (C)  is  encountered  in  some  of  the  deeper  wells 
nearest  the  axis  of  the  main  anticline.  This  zone  has  been  pene- 
trated for  as  much  as  150  feet,  the  whole  distance  being  very  ri(*h 
in  petroleum.  It  is  overlain  by  a  considerable  thickness  of  black 
shale,  also  more  or  less  petroliferous,  Ix^tween  which  and  the  rich 
zone  is  a  thin,  hard  "sheir^  layer.  The  oil-yielding  rock  is  a  true 
sand,  coarse  in  places  and  even  l)econiinjr  pebbly  toward  its  base  in 
certain  portions  of  the  area.  To  the  coarseness  of  the  material  is 
doubtless  due  the  great  productiveness  of  the  zone. 

I'ROIIICT. 

The  oil  in  the  HalUlohhs-Rice  ranch  area  rims  from  26°  to  29° 
Baum6  and  is  dark  brown  in  color,  (ias  accompanies  the  oil  and  also 
occurs  isolated  under  some  of  the  more  impervious  ^'sheir*  layers 
in  the  shale.     No  water  is  reported  in  any  of  the  wells. 
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The  production  of  the  wells  ranges  from  300  to  something  over 
2,000  barrels  per  day.  Those  wells  which  penetrate  the  lowest  or  C 
zone  are  the  best  producers.  It  is  said  that  where  a  number  of  wells 
are  located  comparatively  near  tc^ether  the  production  of  each  well  is 
largely  dependent  on  whether  or  not  the  adjacent  wells  are  producing, 
a  fluctuation  of  50  per  cent  resulting  from  this  cause  in  some  instances. 

nXAl^TDX-HOBBg  ABKA. 


The  area  comprising  the  Fox  lease,  the  southwestern  part  of  the 
Hobbs  lease,  and  the  northeastern  portion  of  the  Final  property, 
occupies  the  ridge  and  two  adjacent  canyons  which  extend  north- 
ward from  the  central  portion  of  Graciosa  Ridge.  The  wells  are 
located  in  an  area  of  considerable  structural  disturbance  caused  by 
the  development  of  tw^o  loc^il  anticlines  on  the  northwestern  flank  of 
the  main  Mount  Solomon  anticline.  These  two  minor  flexures  have 
been  named  after  the  companies  under  whose  property  they  are  best 
developed.  Although  the  position  assigned  to  them  on  the  map  is 
more  or  less  hypothetical,  the  evidence  in  favor  of  it  is  fairly  complete, 
and  their  location  explains  some  of  the  variations  in  production  of 
adjacent  wells. 

Practically  all  the  wells  within  this  area  start  in  the  Monterey 
shale,  and  this  is  the  prevailing  formation  to  their  bottoms.  Certain 
p<irtioiis  of  the  shale  are  burnt  to  a  brick-red  color  by  the  combustion 
of  tlieir  hydrocarbon  contents,  the  burnt  shale  being  encountered  as 

;  -iSO  feet  in  one  uj  the  welU.     The  l>urnin{j  lias  so  hardened  ih 
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little  consequence  as  regards  production.  The  thickness  of  zone  A 
in  the  wells  ranges  from  8  or  10  to  nearly  150  feet,  but  several  more 
or  less  important  oil-bearing  zones  lie  between  this  and  the  next 
lower  (B)  zone.  The  productive  measures  of  zone  A  consist  largely 
of  brown  shale,  probably  seamed  or  jointed  in  such  a  way  as  to  afford 
a  reservoir  for  the  oil,  although  certain  of  the  wells  may  obtain  their 
product  from  fine-grained  sands  interstratified  with  the  shale. 

The  second  oil  zone  (B)  is  the  most  important  one  in  this  area, 
although  it  is  underlain  over  at  least  a  part  of  the  area  by  zone  C,  which 
is  apparently  even  more  productive.  The  thickness  of  zone  B  is 
variable,  but  most  of  the  wells  penetrate  from  50  to  150  feet  of  pro- 
ductive strata  at  this  horizon.  The  oil-bearing  beds  are  similar  to 
those  of  zone  A  and  appear  to  consist  largely  of  hard  shales,  ^\^th 
some  fine  sands,  although  some  excellent  exami)los  of  a  true  siliceous 
sand  are  obtained  in  many  of  the  wells.  A  hard  limestone  ^'sheir' 
overlies  zone  B  in  one  well. 

The  third  oil  zone  (C)  is  penetrated  by  some  of  the  deeper  wells 
at  a  depth  of  about  300  to  400  feet  below  zone  B.  In  one  of  the 
wells  zone  C  appears  to  be  missing,  although  a  good  flow  of  oil  is 
reported  from  the  same  hole  about  500  feet  below  where  it  should 
o(*cur. 

Water  underlies  oil-zone  B  in  one  of  the  wells  and  zone  C  in  another. 
This  occurrence  of  water  below  the  oil,  so  common  in  most  fields, 
is  verv  rare  in  this  one.  Whether  or  not  in  the  course  of  time  water 
Tuill  follow  up  the  oil  in  the  productive  zones  is  something  that  will 
be  awaited  with  a  great  deal  of  interest.  Some  of  tlie  wells  in  the 
Santa  Maria  field  have  been  sto])pod  in  the  midst  of  productive  strata 
for  fear  of  encountering  water  farther  down,  but  whether  or  not 
these  fears  were  well  founded  has  never  been  established. 

The  oil  from  this  grouj)  of  wells  is  of  a  dark-brown  color  and 
ranges  in  gravity  from  24°  to  2S°  Bauiu6,  the  lighter  oil  usually  occur- 
ring in  the  wells  nearest  the  nmiu  anticline:  tlie  av(M'age  gravity  is 
lictween  25°  and  20°.  Mueli  gas  is  associated  with  the  oil  in  all  the 
wells. 

The  producti(m  of  the  individual  wells  ranges  from  60  to  1,000 
barrels  per  day,  the  latter  amount  coming  from  a  liole  verv  eccentric 
in  its  behavior,  as  shown  by  its  yield  of  200  barrels  on  some  days 
and  as  high  as  1,000  on  others;  I  lie  averag(»  daily  production  for  this 
well  is  300  barrels.  Witli  tlie  eceenlrie  well  omitted,  the  maximum 
production  is  about  500  barn^ls  per  day.  One  well  which  produced 
150  barrels  from  zones  A  and  B  added  .S5()  barrels  to  its  output  when 
deepened  to  zone  C. 
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■  The  area  discussed  in  tliis  section  o^niprises  the  Folsoiii  lease,  the 
simthern  part  of  the.  Pinal  pntperty,  the  central  and  southern  portion 
of  the  Santa  Maria  Oil  and  Gas  lease,  and  the  EscoUe  property  of 
the  Union  Oil  Ooinpany.  The  wolls  are  located  on  the  west  end  of 
Oraciosii  liidgr  and  in  the  canyons  on  its  sides.  The  region  is  lai^ly 
c<ivere(l  liy  tlie  Fernando  sandstone  and  conglomerate  "cap  rock," 
altliougli  the  Monterey  shale  is  cxjxwed  in  the  side  canyons.  The 
St  met  are  uiwierlying  this  part  of  the  field  is  comparatively  simple 
so  far  as  known,  tlic  main  Mount  Solomon  anticline,  which  plunges 
northwestward  through  its  center,  being  the  only  fold  of  consequence 
immediately  affecting  the  area.  The  mapping  of  the  anticline  near 
EscoUe  well  No.  3  is  based  entirely  on  the  evidence  offered  by  the 
well  logs,  which  is  at  variance  with  the  northwesterly  dips  in  the 
Fernando  in  the  vicinitv  of  Escolle  wells  Nos,  2  and  3. 


Those  wolls  which  .start  in  the  Fernando  remain  in  this  formation 
for  <listance,s  ranginfi  from  a  few  feet  to  nearly  300  feet,  the  strata 
jjenetrafed  being  sand  and  conglomerate.  In  the  re^on  of  Escolle 
well  No.  1  and  Folsom  well  No.  1  the  Feniandii  appears  to  be  excep- 
tionally deep,  extendinj;  nearly  300  feet  below  the  surface,  and  to 
(■onsist  largely  of  conglomerate.  One  of  the  wells  n'porta  red  con- 
glonierate  at  30  to  90  feet  l«'low  tlie  surface;  whether  this  is  burnt 
sliiile  .'^o  hardened  as  to  come  out  of  the  well  in  fragments  of  consid- 
erable size  or  whether  it  is  true  water-worn  nmt^rial  is  not  known. 


l-p.  M 
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Hie  first  oil  zone  (A),  which  lies  from  250  to  500  feet  above  zone  B, 
IB  struck  at  depths  ranging  from  1,400  to  2,450  feet.  Its  thickness 
ranges  from  a  few  feet  to  about  50  feet;  according  to  the  Ic^  it  is 
lacking  in  some  of  the  wells,  the  first  oil  being  encountered  in  zone  B. 
The  oil-bearing  strata  in  zone  A  are  largely  shale,  which  afford  a 
reservoir  for  the  oil,  probably  on  account  of  their  fractured  condition. 
Beds  of  fine  sand  in  this  zone  may  also  contain  some  of  the  petroleum. 
The  second  oil  zone  (B),  occurs  at  depths  of  1,950  to  3,150  feet 
and  is  penetrated  by  all  of  the  wells  in  this  area.  It  ranges  in  thick- 
ness from  nearly  50  to  about  250  feet,  in  the  wells;  one  of  the  wells, 
however,  is  said  to  encounter  petroliferous  beds  intermittently  from 
the  top  of  zone  B  for  a  distance  of  550  feet  downward.  The  oil- 
bearing  strata  consist  of  alternating  layers  of  hard  shale  and  fine 
sandstone. 

The  third  oil  zone  (C),  occurs  from  500  to  600  feet  lower  in  the 
wells  than  zone  B  and  consists  of  two  parts,  each  from  25  to  50  feet 
thick,  separated  by  a  layer  of  shale  of  variable  thickness;  in  one  of 
the  wells,  however,  the  intervening  shale  is  missing  and  the  strata 
are  richly  impregnated  with  oil  from  the  top  of  the  zone  for  a  distance 
of  250  feet  downward,  to  a  point  where  a  3-foot  layer  of  water  sand 
limits  the  productive  zone.  In  practically  all  the  wells  in  the  field 
xone  C  is  very  rich,  and  nearly  all  the  wells  tapping  it  are  fine  pro- 
ducers. 

PRODUCT. 

The  oil  obtained  in  the  area  under  discussion  averages  somewhat 
better  than  that  in  the  area  to  the  east,  and  has  a  gravity  of  26°  to  28*^ 
Baum£,  with  an  average  somewhere  between  26°  and  27°.  As  is  com- 
mon in  other  portions  of  the  field,  the  gas  pressure  in  most  of  the 
wells  is  high. 

The  production  of  the  individual  wells  ranges  from  100  to  2,700 
barrels  per  day,  the  well  yieldin^ij  the  latter  amount  being  said  to  have 
had  an  initial  daily  output  of  5,000  barrels  for  a  short  time.  In  one 
series  of  wells  those  dowTi  the  clip  are  more  productive  than  those 
nearer  the  axis  of  the  anticline,  the  variation  being  at  lea^^t  partially 
accounted  for  by  a  thickening  of  the  oil  zone  away  from  the  axis. 

HABTKELL-BROOKSHIRE  AREA. 

LOrATION   ANP  strij(ti:rk. 

The  area  comprising  the  soutliern  portion  of  the  Ilartnell  tract 
and  Brookshire  property  and  the  southeastern  j)()rtion  of  the  Radium 
lease  is  located  on  or  adjacent  to  the  ridge  running  northwestward 
from  a  point  near  the  west  end  of  Graciosa  Kidge,  and  in  the  broad 
valley  to  the  south.     The  major  structural  feature  developed  in  the 
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beds  underlying  the  area  is  a  northwestward-plunging  anticline  which 
is  here  called  the  "Hartnell."  There  is  both  surface  and  underground 
evidence  of  its  presence,  but  its  exact  location  is,  of  course,  only  con- 
jectural. As  will  be  noticed  on  examining  the  map  (PI.  X,  p.  92) 
the  northern  flank  of  the  anticline  is  much  steeper  than  the  south- 
western, this  fact  apparently  having  a  direct  bearing  on  the  proiluc- 
tiveness  of  the  wells  penetrating  this  flank. 


The  surface  distribution  of  the  formations  in  the  immediate  vicinity 
of  the  little  swale  on  the  ridge  in  which  Brookshire  wella  Nos.  3  and  4 
are  situated  is  verj-  interesting.  The  bottom  of  the  swale  is  Monterey 
(Miocene)  shale;  unconformably  overlying  this  on  the  south  is  fossil- 
iferous  Fernando  (Pliocene)  sandstone  and  conglomerate;  immedi- 
ately north  of  the  swale  is  terrace-deposit  (Pleistocene)  sandstone. 
(See  PL  XI,  B.)  It  has  been  suggested  that  such  a  condition  Is  most 
easily  explained  by  the  presence  of  a  fault  through  the  swale,  the 
downthrow  being  on  the  north.  The  logs  of  the  wells  in  the  immediate 
vicinity,  however,  oifer  evidence  that  such  is  not  the  case,  hut  that 
the  underlyini;  Monterey  strata,  followed  almost  immediately  north 
of  the  swale  by  fossiliferous  Fernando  beds,  plunge  stee]>ly  north- 
ward and  are  overlain  unconformably  by  the  low-dipping  or  prac- 
tically horizontal  terrac*  beds  which  are  exposed  on  the  ridge  north 
of  the  swale.  Some  of  the  wella  starting  in  the  post-Montorey  forma- 
tions penetrate  sand  and  gravel  for  a  distance  of  more  than  600  feet 
before  entering  the  Monterey.  Limestone,  probably  corresponding 
to  the  limy  layers  associated  with  fossiliferous  beds  at  the  base  of  the 
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Between  tbe  first  zone  and  the  one  that  has  been  recognized  as  the 
woond,  or  zone  B,  are  one  or  more  productive  zones  2  to  15  feet  thick. 
No  two  wells  show  the  same  sequence  of  these  zones  and  they  prob- 
ably represent  places  of  local  fracturing. 

The  second  oil  zone  (B)  is  thought  to  be  fairly  constant  through- 
out the  area.  It  consists  of  alternating  barren  and  productive  layers 
of  shale,  some  of  the  productive  layers  being  from  a  few  feet  to  as 
much  as  20  feet  thick.  Below  the  main  or  upper  part  of  this  zone 
tie  other  productive  layers,  some  at  least  200  feet  below  zone  B. 
The  oil-bearing  measures  in  these  zones,  as  in  zone  A,  are  probably 
nothing  more  or  less  than  fractured  portions  of  the  shale. 

FRODUCT. 

The  oil  from  the  wells  in  this  area  runs  from  24°  to  26°  Baum6,  and 
is  dark  brown  in  color  with  the  exception  of  that  from  one  of  the 
wells,  which  is  said  to  be  a  reddish  emulsion  of  oil  and  water.  All 
the  wells  show  much  gas,  the  best  producers,  especially,  being  under 
heavy  pressure. 

The  production  of  the  individual  wells  in  this  group  ranges  from 
an  initial  output  of  12,000  barrels  per  day  in  one  well  to  a  daily  aver- 
age of  150  barrels  in  another.  The  following  statement  concerning 
the  production  of  Hartnell  well  No.  1,  the  greatest  producer  in  the 
Cyifomia  oil  fields,  has  been  kindly  furnished  by  Mr.  Orcutt,  of  the 
Union  Oil  Company: 

WeH  (Hartnell  No.  1)  startc^d  to  flow  over  (l<'rrick  tlirougli  8J-in(*h  and  bctwoon  this 
ukI  10-inrh  casing  December  3,  1904.  Ciiu?  pn'ssun*  was  vor>'  lu'avy,  cptiinatcd  at  400 
pounds  per  square  inch — was  probably  much  higher,  how<*vcr.  Oil  was  nu*asurcd  in 
an  open  ditch  by  use  of  a  miner's-inch  measuring  1)()X.  and  showed  .'U  miner's  ineh(»a, 
oralxjut  12,000  bant»ls  ptT  day.  The  flow  continued  for  al)out  sixty  days  and  gmdu- 
tlly  weakened.     September  1,  1905,  the  w«'ll  was  doing  3. 0(19  barrels  jht  <h\y. 

Theoil  wasst-ored  in  earthen  reservoirs,  and  llie  ])r(Mluetion  to  tlie  al>ov<'  date  is  esti- 
mateil  at  1,500,000  l>arrelfl  fmm  this  well  ahmo.  Tp  to  August  b"),  IIKM;,  the  total  pn)- 
duction  for  the  well  was  siuuetliing  over  2, 000. (MX)  l)arrels. 

The  gas  accompanying  the  initial  flow  of  oil  was  <*s(iina1e(l  at  l.()(H),(XK)  cubic  feet 
per  day.  After  the  well  had  be<»n  gotten  uikIit  control  it  furnislic<l  yas  for  running 
20  Ixiilers  f<ir  well-drilling  rigs,  and  in  a<l(liti«)n  supplied  tli«'  t<»wn  of  Orcutt  (popula- 
tion about  200)  with  gas  for  domestic  jiurjiosj's.  At  llic  present  time  it  is  still  yielding 
an»iistant  flow,  which  is  uhcmI  for  many  ptupo.^cs  in  (  hcutt. 

ORACIOSA  WESTERN  UNION  AREA. 
LOCATION     AM)    STKl  (Tl  UK. 

The  wells  at  the  northeast  corner  of  the  (Jniciosa  and  northwestern 
comer  of  the  Western  Union  properties  are  located  on  the  point  of 
the  ridge  which  runs  southward  for  more  than  a  mile  ivom  the  main 
Graciosa  ridge.  The  structure  of  the  beds  underlying  the  devel- 
oped area  is  apparently  simple,  as  they  are  on  the  southwestern 
flank  of  the  hypothetical  Newlove  anticline.    At  least  two  minor 
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folds  occur  on  this  flank,  one  apparently  passing  through  Western 
Union  wells  Noa.  21  and  22  and  the  other  occurring  from  three-eighths 
to  five-eighths  of  a  mile  farther  northwest.  The  Newlove  anticline  as 
shown  o: '  the  map  is  wholly  hypothetical.  It  is  the  expression  of  the 
most  plausible  explanation  of  the  relationship  which  is  supposed 
to  exist  between  the  known  Graciosa-Westem  Union  and  the  eastern 
Western  Union  well  areas.  The  surface  evidence  of  the  structure 
consists  of  a  10°  SE.  dip  in  the  Fernando  beds  just  north  of  the 
Graciosa  wells,  together  with  some  more  or  less  uncertain  dips  in  the 
Monterey  toward  the  head  of  the  ridge,  approximately  parallel  ni'ith 
which  the  anticline  is  supposed  to  run. 


The  wells  all  start  in  the  sands  of  the  Fernando,  penetrating  this 
formation  for  70  to  300  feet.  No  water  is  reported  from  this  sand, 
but  asphaltuni  is  said  to  have  been  found  at  its  base  in  one  of  the 
wells.  From  the  base  of  the  Fernando  to  the  top  of  the  main  pro- 
ductive zone  the  formation  consists  of  blue  and  brown  shales  with 
many  hard  "shell"  layers,  some  beds  of  sticky  shale,  and  rarely  a  . 
little  sandy  material.  Streaks  of  asphaltum  are  reported  as  occur- 
ring in  the  shale  in  some  of  the  wells,  and  in  others  gas  is  present 
under  some  of  the  "shells." 

The  first  oil  zone  (B  of  the  northern  part  of  the  field)  is  reported 
from  only  one  well,  where  it  is  nearly  200  feet  thick  and  is  encountered 
at  a  depth  of  about  2,075  feet.  Gas  is  associated  ndth  the  oil  in  this 
zone. 

The  second  and  important  oil  zone  of  this  area  (C)  is  struck  at 

'ptliK  rmitjiiis  from  2,Q~(\  t(i  sonietliing  more  tlian  :i,S0O  feet,  and 
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owing  to  the  lack  of  storage  anii  transportation  facilities,  so  that 

even  had  they  been  down  long  enough  for  a  thorough  test  (which 

is  hardly  the  case,  inasmuch  as  nearly  all  have  been  finished  since 

1904)  no  definite  conclusions  could  be  drawn  concerning  their  lasting 

properties. 

SAsneav  oboup  of  wsbtbbk  mnoK  wills. 

LOCATION   AND   STRlTCTirRE. 

The  eastern  wells  of  the  Western  Union  Company  are  located  near 
the  head  of  one  of  the  branches  of  the  broad  valle}^  which  extends  east- 
northeastward  from  Harris  Canyon,  at  Blake,  and  are  about  5  miles 
southeast  of  Orcutt.  They  are  from  one-half  to  three-fourths  of  a  mile 
east  of  the  west  property  line  of  the  company  and  close  to  the  north 
line.  Slightly  more  thai^  half  a  mile  to  the  northeast  of  the  wells  is 
the  axis  of  the  Mount  Solomon  anticline,  from  the  southwestern  flank 
of  which  the  wells  derive  their  oil.  The  structure  in  the  immediate 
vicinity  of  the  wells,  as  indicated  by  the  logs  (see  PI.  X,  p.  92),  is  more 
or  less  complicated,  the  general  strike  of  the  beds  apparently  changing 
abruptly  from  northwest  to  southwest  immediately  northwest  of  the 
group.  Furthermore,  a  local  flexure  with  northeast-southwest  strike 
immediately  underlies  the  developed  territory,  and  a  pronoxmced 
anticline  (here  named  the  ''Western  Union")  with  a  steep  northeast- 
em  flank  lies  just  to  the  south.  There  is  no  surface  evidence  of  the 
northeast-southwest  disturbance,  but  the  Western  Union  anticline 
is  plainly  to  be  seen  in  the  Fernando  beds.  The  dip  of  the  beds  on  the 
southwestern  flank  of  this  fold  ranges  at  the  surface  from  15°  at  the 
west  end  of  the  hill  south  of  the  wells  to  10**,  and  possibly  much  less, 
one-half  mile  to  the  southeast.  The  maximum  northeasterly  dip  of 
45'  occurs  south  of  well  No.  18,  but  the  slope  rapidly  decreases  both  to 
the  northwest  and  southeast.  As  nearly  as  could  be  ascertained  from 
the  available  data,  the  production  of  tlie  wells  in  this  group  supports 
the  anticlinal  theory  of  the  accunmlatiou  of  i)etr()leum — that  is,  for 
an  equal  thickness  of  productive  zone  the  wells  near  tlie  axis  of  the 
anticline  in  the  local  flexure  are  more  i)ro(luctive  than  those  farther 
away  from  it. 

r.EOLoc.Y  OF  Tirn  wellh. 

The  wells  start  in  soil,  but  soon  enter  the  clay,  sand,  and  conglom- 
erate layers  of  the  Fernando,  whicli  is  the  surface  formation  in  this 
part  of  the  field.  The  Feniando  beds  are  penetrated  for  100  to  250 
feet,  varying  with  the  location  of  the  well,  the  wells  on  the  north,  as 
would  be  expected  after  an  examination  of  the  surface  geologj^  pass- 
ing through  it  in  the  shortest  distance.  Water  and  (juicksand  were 
encountered  in  at  least  two  of  the  wells  in  the  lower  portion  of  the 
Fernando;  in  another,  asphaltum  occurs  at  the  base  of  the  formation. 
From  the  base  of  the  Fernando  to  the  first  oil  zone  the  wells  penetrate 
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blue  and  brown  shales,  largely  the  latter,  interstrattfjed  with  hard 
"shell"  layers,  under  some  of  which  are  accumulations  of  gas. 

The  first  oil  zone  is  struck  at  a  depth  of  1,200  to  1,800  feet,  and 
ranges  in  thickness  from  12  to  75  feet,  although  in  some  of  the  wells 
sands  are  encountered  at  intervals  for  at  least  250  feet  below  the  top 
of  the  first  sand.  The  oil  sand  is  as  a  rule  rather  fine  grained  and  ia 
accompanied  both  above  and  l>elow  by  shale  and  rarely  by  shell.  In 
some  of  the  wells  the  oil  zone  appears  to  be  practically  continuous 
sand  for  its  entire  thickness;  in  others,  alternating  sand  and  shale 
layers  fiimislt  the  oil, 

A  secynd  oil  zone  occurs  about  1,200  fe*t  below  the  first,  the  entire 
distance  between  the  two  being  occupied  by  shale,  with  a  few  bard 
"shell"  layers.     Very  little  oil  occurs  at  this  horizon. 

A  third  oil  zone  about  150  feet  thick  is  penetrated  2,100  feet  below 
the  first,  the  formation  between  the  second  and  third  zones  being  prac- 
tically all  shale.  Comparatively  little  oil  was  obtained  from  this  zone 
in  this  part  of  the  field,  although  it  is  thought  to  be  the  same  as  the 
one  which  is  so  productive  in  the  Graciosa  Western  Union  area  only 
half  a  mile  to  the  west.  This  may  be  acc<Hint«d  for  hy  the  general 
.s\-nclinal  position  of  the  eastern  gnnip  between  the  Mount  Rolonion 
and  h^-jtotlietical  Newlnvc  anticlines. 


The  oil  in  the  first  productive  xone  has  an  average  gravity  of  about 
HI"  Bauine  and  is  ver^'  dark  colored.  Gas  is  associated  with  the  oil, 
but  nil  wafer  has  so  far  been  reported  from  any  of  the  wells. 

The  production  uf  the  wells  in  this  group  ranges  from  5  to  154  bar- 
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anticliiie  is  believed  to  be  that  shown  on  the  map  (PI.  I,  in  pocket) ; 
from  the  evidence  offered  by  the  logs  of  the  Hill  and  Logan  wells  the 
axis  of  the  anticline,  so  far  as  it  affects  the  oil-bearing  beds  of  this  part 
of  the  field|  might  better  be  drawn  through  Hill  well  No.  1,  extending 
westward  and  eastward  (swinging  to  the  north  in  both  directions)  to 
the  points  where  the  ''surface"  anticline  passes  from  the  Fernando 
to  the  Monterey.  In  either  location,  however,  the  anticline  has  a 
steeply  dipping  northern  flank  and  a  low-dipping  and  probably  xmdu- 
lating  southern  flank. 

A  fault,  clearly  seen  on  the  east  side  of  Cebada  Canyon  and  traced 
by  deposits  of  asphaltum  over  portions  of  the  rest  of  its  course, 
extends  from  a  point  a  short  distance  east  of  Cebada  Canyon  north- 
westward at  least  as  far  as  the  brea  deposits  near  Wiser  &  Denigan 
well  No.  1.     This  is  clearly  a  reverse  fault  in  the  Cebada  Canyon 
region,  supposed  Monterey  diatomaceous  shale  being  thrust  up  on  the 
north  over  Fernando  sandstone  which  lies  south  of  the  line,  the  dip 
of  the  fault  plane  being  about  30°  toward  the  north.     Mr.  Orcutt 
suggests  that  tliis  fault  probably  causes  the  difference  in  yield  be- 
tween Hill  wells  Nos.  2  and  3.     The  sand  is  struck  about  700  feet 
lower  in  No.  3  than  in  No.  2,  and  is  barren  in  the  former  but  produc- 
tive in  the  latter.    The  dip  in  the  strata  (if  the  anticline  affecting 
the  oil  sands  passes  south  of  well  No.  2)  might  account  for  the  differ- 
ence in  depth  of  the  oil  sand  in  the  two  wells,  but  it  alone  would 
hardly  account  for  the  difference  in  saturation  of  the  sands.     It  is 
quite  possible  that  the  fault  (which  theoretically  emerges  somewhere 
near  Hill  well  No.  4)  passes  downward  at  such  an  angle  as  to  cut  the 
oil  sand  between  Hill  wells  Nos.  2  and  3,  throws  the  sand  down  on  the 
north,  and,  while  acting  as  an  outlet  for  the  oil  m  the  sand  for  some 
distance  on  its  northern  or  upper  side,  effectively  seals  up  the  tnm- 
cated  end  of  the  same  sand  on  its  southerji  or  lower  side.     This 
hypothesis  assumes  a  dowTithrow  on  the  north,  a  condition  exactlj- 
opposite  to  that  shown  at  the  surface  in  Cebada  Canyon.     Alt<Tnate 
upthrow  and  downthrow  on  the  same  side  of  a  single  fault  occurring 
at  different  times  are  not  unusual  in  the  Coast  Ranges,  so  that  such 
an  explanation  is  not  only  possible  but  probable.     To  conform  to  the 
prevailing  conditions  the  downthrow  must  have  been  on  the  north 
in  pre-Femando  and  on  the  south  in  Fernando  or  post-Fernando 
time. 

The  logs  of  the  Wise  &  Denigan  wells  indicate  a  more  or  loss  local 
anticline  in  the  Montere3\  Its  axis  j)ass(»s  near  well  No.  2  of  t  his  group, 
and  probably  extends  in  an  eaist-west  <lire<tion  j)arallol  to  the  major 
lines  of  structure  in  the  hills  inuncHliatelv  to  the  north.  This  occur- 
renco  suggests  the  probable  gentle  folding  of  the  Monterey  in  the 
region  south  of  the  Purisima  Hills,  in  a  maimer  similar  to  that  which 
takes  place  under  Bxu*ton  Mesa  farther  west. 
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All  the  productive  wells  in  tlie  Lompoc  field  start  in  the  Fernando 
formation  and  penetrate  its  clays,  sandstones,  and  conglomerates 
for  distances  ranging  from  45  to  800  feet.  The  great  variation  in  the 
thickness  of  the  Fernando  in  adjacent  wells  (the  heds  over  much  of 
the  territory  being  nearly  horizontal,  implies  great  inequalities  in  the 
surface  of  tlie  underlying  Monterey  shale,  and  this  in  turn  signifies  a 
profound  unconformity  between  the  two  formations.  Water  is 
eucountere<l  in  the  Fernando  at  various  depths  in  the  different  wells. 

From  the  base  of  the  Fernando  to  the  top  of  the  oil  sand  the  wells 
pass  through  shale  (largely  "brown,"  acosrding  to  the  logs).  Hard 
siliceous  "shell"  layers  are  encoimtered  here  and  there  in  this  shale, 
and  in  one  well  hard  limy  "shells"  were  struck  at  only  1,180  feet 
from  the  surface.  These  limy  layers  are  abundant  in  the  formation 
just  above  the  oil  zone,  but  are  not  found  in  most  of  the  wells  above 
this  horizon. 

Oil  and  gas  are  found  in  minor  quantities  in  the  shale  at  various 
depths,  from  500  feet  down  in  some  of  the  wells  in  the  northern  part 
of  the  developed  area,  although  such  occurrences  are  not  recorded  for 
the  welb  in  the  southern  part. 

BTIUrr  8HALZ. 

One  of  the  most  interesting  features  of  the  geology  of  the  Monterey 
shale  in  this  area  is  the  evidence  that  combustion  has  taken  place 
within  it  at  certain  points  about  1,000  feet  below  the  surface.     Mr. 


DBXAIU  or  THE  IXBVBU)F(ED  TEBBTTOBT.  107 

difitafune  of  1,100  feet  in  oiie  well.    Either  water  sand,  dry  oil  sandi  or 
limy  " shell"  usually  defines  the  base  of  the  productive  zone. 

THE   OIL. 

Two  grades  of  oil  are  struck  in  this  field,  one  a  black  oil  with  a 
gravity  of  18^  to  24^,  the  other  a  brown  to  greenish  oil  of  about  35^ 
Baumd.  The  black  oil  is  produced  by  most  of  the  wells,  the 
ligjiter  variety  coming  only  from  the  Logan  well  of  the  Los  Alamos 
Oil  and  Development  Company  and  the  No.  3  Wise  &  Denigan  well 
of  the  Union  QQ  Company.  The  relations  of  occurrence  of  the  two 
grades  are  not  known.  O^e  of  the  wells  yields  an  emulsion  of  water 
and  20^  oil,  which  is  reddish  brown  in  color  as  it  comes  from  the  well. 
This  ofl  turns  to  the  usual  black  color  on  separation  of  the  water  by 
settling. 

PRODUCTION. 

The  production  of  the  individual  wells  ranges  from  100  to  1,000 
barrels  per  day,  the  best  producers  averaging  from  300  to  500  barrels. 
One  of  the  wells  which  gave  an  initial  output  of  200  to  300  barrels  at 
firsty  suddenly  began  flowing  1 ,000  barrels  per  day.  This  continued 
tor  a  few  days  and  then  gradually  fell  off  to  300  barrels,  which  it  is 
still  yielding.  It  is  said  that  the  wells,  as  a  rule,  are  exceptionally 
steady  producers^  falling  off  but  little  in  the  two  years  since  the  field 
was  first  opened.  Very  few  of  the  wells  have  been  tried  to  their  full 
capacity,  so  that  it  is  probable  that  yields  greater  than  those  men- 
tioned will  be  recorded  when  the  field  is  fully  tested. 

ARROYO  GRANDE  FIELD. 
LOCATION. 

Drilling  has  recently  shown  that  at  least  certain  portions  of  the 
region  north  and  northwest  of  Arroyo  Grande,  in  the  San  Luis  (^uad- 
rangle,  San  Luis  Obispo  County,  a  short  distance  north  of  the  area 
diown  on  PL  I,  are  underlain  by  productive  oil  formations.  The 
successful  wells  belong  to  the  Tiber  Oil  Company,  and  are  located  on 
the  west  side  of  Price  Canyon  about  3  miles  northeast  of  Pismo  and 
7  miles  slightly  east  of  south  of  San  Tjiiis  Obisjx).  Although  outside 
of  the  immediate  area  covered  by  this  n^port  the  occurrence  is  so 
important  in  showing  an  extension  of  the  Santa  Maria  district  toward 
the  northwest  as  to  merit  mention  h(»re. 

GEOLOGY. 

The  geology  of  the  San  Luis  quadrangle  has  been  mapped  and 
described  by  H.  W.  Fairbanks  in  the  San  Luis  folio.**    According  to 


of  this  foUOy  which  is  No.  101  in  the  scries  making  up  the  Geologic  Atlas  of  the  United  States, 
4ioiild  be  In  the  hands .olevsry  oil  man  or  other  person  interested  in  the  natonU  nsouroes  of  this  ngloo; 
Itasj  In  oM«bie4  fof  35  oents  from  the  Director  of  the  United  SUtes  Qeologloal  Sunrsy,  Washlngtoo, 
D.C. 
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this  work  nearly  all  of  the  territory  of  the  hills  between  Sen  Luis 
Obispo  Creek  and  the  Arroyo  Grande  Valley,  with  the  exception  of 
a  rather  small  area  of  Monterey  volcanic  ash,  shale,  and  dietonia- 
ceouH  earth  north  of  Pisino,  is  covered  by  the  Pismo  formation. 
TWh  formation  is  composed  of  sandstone,  some  of  which  is  asphaltic, 
and  cherty  diatomaceous  beds,  and  is  the  equivalent  of  the  lower 
part  of  the  Fernando  fonnatiim  as  described  for  the  hills  adjacent  to 
the  south  side  of  the  Santa  Maria  Valley.  The  Pismo  is  unconfonn- 
ably  underiain  by  the  Monterey  shale,  which  outcrops  on  either  side 
of  it. 

STRUCTURE. 

According  to  Fairbanks,  the  Pismo  area  fomis  a  low  syncline, 
striking  northwest  and  southeast,  its  flanks  resting  against  the  up- 
turned Monterey. 

(K'CURRENC'E  OK  THE  OIL. 

The  oil  is  derived  from  a  great  thickness  of  productive  sands  whicli 
probably  represent  tlie  ba.se  of  the  Pi.smo  and  which  rest  upon  the 
upturned  and  more  or  less  contorted  shale  of  the  Monterey.  Its 
occurrence  in  beds  occupying  a  syn<-linal  position  is  worthy  of  note, 
as  ontinarily  syricline.s  are  not  highly  productive.  The  Monterey  is 
the  oil-bearing  formation  in  the  Santa  Maria  district,  and  it  is  the 
ultimate  source  of  the  oil  in  tlii.s  field  also.  The  migration  of  the  oil 
probably  took  place  along  joint  cracks  in  the  shale,  as  was  the  case 
with  tlie  asphaltuni  in  the  Santa  Maria  and  other  fields.  The  oil,  on 
reaching  the  upjjer  limit  of  the  shale  podscd  across  the  plane  of  uncon- 


OHi   OF  THB   SANTA   MARIA  DISTRICT.  109 

by  the  oil-yielding  Monterey.  The  surface  evidence  of  such  a  condi- 
tion is  most  conclusive.  What  effect  local  flexures  either  in  the  Mon- 
terey below  the  Pismo  or  in  the  Pisnio  itself  will  have  on  the  produc- 
tion, only  drilling  will  determine.  According  to  Fairbanks's  interpre- 
tation of  the  structure  of  the  area,  the  depth  at  which  the  oil  will  be 
struck  ought  to  decrease  from  the  nuddle  of  the  area  toward  both 
the  northeast  and  southwest.  The  only  well  fully  tested  in  the  region 
yields  500  barrels  of  14°  oil  per  day,  so  that  the  prospects  for  the  de- 
velopment of  a  good  field  are  unusually  bright. 

As  the  Monterey  shale  underlying  the  Pismo  of  the  Arroyo  Grande 
field  is  continuous  with  the  Monterey  mapped  in  the  I^)nipoc  quad- 
rangle northeast  of  the  Santa  Maria  Valley,  it  is  reasonable  to  suppose 
that  there  are  considerable  portions  of  this  groat  belt  of  Monterey 
that  \iall  prove  productive.  The  local  structure  is  usually  the  deter- 
mining factor  in  the  accumulation  of  the  petroleum,  so  that  a  thor- 
ough knowledge  of  this  is  essential  to  economical  test  drilling. 

HUASNA  FIELD. 

The  Iluasna  field  lies  east  of  the  Arroyo  Grande  field  and  north  of 
the  Ijompoc  quadrangle.  Prospect  drilling  is  now  going  on  in  this 
region,  but  with  what  results  the  writers  are  not  able  to  say.  During 
a  very  hasty  trip  through  this  region  in  the  summer  of  1905  the  senior 
writer  noted  great  areas  of  Monterey  shale,  with  some  interl)edded 
coarse  granitic  sandstones,  in  many  places  of  considerable*  thick- 
ness. Such  conditions  are  ideal  for  the  accumulation  of  petroleum 
if  the  beds  are  not  too  sharply  folded.  This  ifonterev  area  is  prol)- 
ably  the  continuation  of  that  exposed  in  the  northeastern  part  of  the 
Lompoc  quadrangle,  and  may  connect  the  latter  with  the  Monterey 
area  east  of  ^\jroyo  Grande  and  also  with  that  eov(M*in;j:  the  summit 
of  the  Santa  Lucia  Range  a  few  miles  east  of  San  Iaus  Obispo.  It  is 
to  be  regretted  that  no  maps  adequate  for  showin<j:  the  structure  of 
the  formati(ms  in  the  region  (»ast  of  the  San  Luis  (jua(h*an^de  and 
north  of  the  Lompoc  quadrangle  are  available.  Without  ihvso  it 
will  be  impossible  to  do  for  this  region  such  detailed  geologic  and 
structural  mapping  as  has  already  been  done  for  the  two  quadrangles 
mentioned. 

Olli  OF  THE  SAXTA   MARIA  DISTRICT. 

ORIGIN. 

There  is  no  doubt  that  the  petroleum  in  the  Santa  Maria  dis- 
trict is  indigenous  to  the  Monter(\v  shal(\  liitumen  is  a  character- 
L>tir  part  of  that  formation  throughout  its  wide  extent  over  an  area 
covering  hundreds  of  scjuare  miles,  and  there  is  no  other  formation 

1784— Bull.  322—07 8 
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but  the  Eocene  shales  in  which  it  is  characteristic,  or  in  which 
it  occurs  in  appreciable  quantity  except  locally,  although  there  are 
numerous  formations  which  would  be  capable  of  storing  oil  if  any 
had  originated  in  them.  Moreover,  the  bituminous  Monterey  shale 
of  the  Coast  Ranges  does  not  occur  consistently  above  or  below 
any  one  formation  from  which  the  oil  could  have  been  derived.  It 
lies  unconformably  upon  ancient  metamorphic  rocks;  granite  and 
other  igneous  rocks;  Jurassic,  Cretaceous,  or  early  Tertiary  sedi- 
ments; or  conformably  over  lower  Miocene  beds,  according  to  local 
conditions;  and  it  is  either  not  covered  by  later  deposits  or  is  buried 
by  sediments  of  various  ages,  in  different  places. 

The  decision  is  therefore  unavoidable  that  some  ingredients  of  the 
Monterey  shale  gave  rise  to  the  oil,  and  the  question  arises  what  these 
were.  The  organic  composition  of  the  strata  making  up  this  forma- 
tion is  discussed  on  pages  38-43,  where  a  number  of  animal  and 
plant  forms  that  may  have  contributed  to  the  oil  are  enumerated. 
The  writers  are  strongly  of  the  belief  that  the  petroleum  was  derived 
lai^Iy  from  the  minute  organisms,  especially  the  plant  organisms 
(diatoms),  which  are  present  in  such  abundance  in  these  shales.  The 
chemists  Peckham  and  Clarke  believe  that  the  nitrogen  present  in 
the  California  oil  proves  its  origin  from  animal  substance.  But  it  is 
not  necessary  to  consider  that  tliis  petroleum  originated  entirely 
from  either  animal  or  vegetable  matter;  it  is  more  probably  the 
product  of  remains  of  both  kinds  combined,  much  of  the  nitrogenous 
material  being  furnished  by  animal  tissue. 

Other  SHiall  organisms  of  a  low  order  present  in  the  Monterey  shale 
besides  the  diatoms  are  Foraminifera  and  Radiolaria,  both  orders  of 
limals.     Tlu'v  b.'.'aiiio  ■■nihrd.lc.l  in  tlio 
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kuto  the  relatively  high  percentage  of  nitrogen  found  in  the  Califor- 

oils. 

Fish  skeletons  are  sometimes  found  in  the  shale,  and  flat  impres- 
sioiiSy  laige  and  small,  that  appear  to  be  the  scales  of  fish  are  ahun- 
dmnt  and  very  characteristic  of  certain  portions  of  this  formation, 
aeeming  to  show  that  fish  remains  were  in  sufficient  abundance  to 
add  at  least  something  to  the  oil  and  to  supply  a  portion  of  the  nitro- 
gen. On  the  other  hand,  these  fossilized  parts  may  have  been  origi- 
nally separated  from  the  tissue  before  they  dropped  to  the  ocean 
bottom  or  before  being  buried  In  the  deposit,  as  by  far  the  greater 
number  of  fiish  aro  believed  to  die  violent  deaths  and  to  serve  as  food 
for  larger  fish  or  other  animals. 

Other  animal  organisms  which  were  present  and  which  may  have 
contributed  hydrocarbons  and  nitrogen  were  sponges,  moUusks,  and 
crustaceans — such  as  crabs  and  possibly  ostracods.  The  impres- 
sions of  seaweed  occur  in  the  shale  but  sparingly,  probably  because 
plants  of  this  kind  are  restricted  in  habitat  to  shallower  water  than 
that  in  which  it  is  believed  the  greater  part  of  the  Monterey  was  laid 
down,  80  that  it  is  not  probable  that  these  plants  have  been  large 
contributors  to  the  material  of  the  oil. 

It  18  certain  that  there  was  a  sufficiency  of  organic  material  in- 
clu<led  with  the  Monterey  deposits  to  give  rise  to  a  vast  quantity  of 
petroleum,  as  is  proved  by  a  rough  estimate  based  on  low  calcula-, 
tions  of  the  amount  of  such  material  present.     If  the  area  covered 
by  the  Monterey  formation  in  the  Santa  Maria  district,  including 
territory  surely  covered  by  it  whether  the  formation  now  outcrops 
there  or  not,  be  taken  as  800  sciuare  miles  and  the  thickness  of  the 
formation  as  half  a  mile,  the  total  vohinie  of  the  deposit   would  be 
400  cubic  miles.     These  figures  are  low,  especially  in  view  of  tlie  fact 
that  the  average  thickness  and  the  areal  extent  of  the  formation  were 
much  greater  when  the  oil  began  to  be  accumulated  than  at  present. 
If  we  regard  for  the  moment  the  diatoms  alone  to  be  the  source  of 
the  oil,  and  only  1  per  cent  of  the  fonnation  to  be  made  up  of  these 
organisms,  there  would  be  4  cubic  miles  of  diatoms;  and  if  we  sup- 
pose further,  simply  as  a  rough  guess,  that  these  forms  gave  rise  to 
an  amount  of  petroleum  equaling  1   per  cent   of  their  volume,  we 
would    have    1,000,000,000   barrels   of   oil   as   the   amount   distilled 
within  the  Monterev  in  this  district,  or  more  than  thirtv-three  times 
the  total  production  of  oil  in  California  for  1904,  or  eight  times  the 
production  in  the  United  States  for  the  same  year.     According  to 
Albert  Mann,  who  has  recently  made  an  extensive  study  of  diatoms, 
these  plants  when  living  secrete  algal  wax  or  oil  in  amounts  varying 
from  0.75  per  cent  to  as  much  as  4  per  cent  of  their  total  volume. 
The  amount  of  petroleum  that  might  be  derived  from  the  diatoms 
is  entirely  unknown;  but  if  the  figure  assumed  hypothetically  as 
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being  1  per  cent  is  too  liberal,  it  would  seem  that  the  low  estimates 
of  the  amount  of  diatomaceoua  material  present  and  the  complete 
ignoring  of  the  other  important  organic  sources  for  oil  in  the  shale, 
would  still  cause  the  estimate  to  be  conservative. 

In  considering  the  question,  What  kind  of  organic  material  has  a 
character  most  favorable  for  producing  oil?  the  relative  rate  of  putre- 
faction is  important.  Plants  have  the  advantage  in  respect  to  their 
slower  rate  of  decomposition.  David  White  inclines  to  the  view  that 
plants  are  more  favorable  to  the  production  of  oil,  largely  fur  this 
reason.  He  says  that  putrefaction,  which  is  largely  a  bacterial 
process,  goes  on  more  rapidly  in  animal  tissue;  while  vegetable  mate- 
rial has  a  tendency  to  turn  into  hydrocarbons.  The  slow  decompo- 
sition of  the  protoplasm  contents  of  the  diatom  frustule  is  especially 
significant.  F.  J.  Keeley,  of  the  Philadelphia  Academy  of  Natural 
Sciences,  says  as  follows  in  a  letter: 

The  only  point  I  ran  think  of  that  might  have  any  beaKng  on  the  quoetiun  of  the 
relation  of  diatums  ti)  pt'troU'um  is  the  fact  that  the  organic  naatter  of  diataniB  docn  not 
app<4r  til  decompofli!  and  l>i!<«rac  dinsipated  quickly  after  death,  as  is  the  case  with 
muKt  tow  tirganisma.  It  ia  wril  known  that  diatoms  kept  in  water  will  tihow  the 
shrunken  conlenlH  for  years,  and  Ehrenbei^  noted  the  presence  of  such  organic  con- 
tenis  in  old  UmeW  diatonu  from  Hanover,  while  J.  Brun  rcjxirts  a  similar  obeervation 
in  a  foHtil  depooit  from  Holland. 

It  is  worthy  of  note  that  many  of  the  round  white  diatom  tests  of 
the  soft  Monterey  shale  contain  minute  specks  of  black  that  appear 
like  bituminous  material  derived  in  situ  from  the  diatom.  These 
specks,  however,  are  present  in  but  a  small  proportion  of  the  tests 
and  there  is  no  proof  that  the  black  substance  has  not  come  from 
infiltration  and  deposition  in  the  slight  hollow  of  the  shell.     Thin 
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in  the  porous  mass  and  they  may  have  acted  as  preservatives  of  the 
organisms  to  some  extent. 

As  regards  the  age  of  the  oil,  it  is  stated  by  F.  W.  Clarke  «  that  the 
process  of  formation  of  the  oil  from  organic  sources  may  not  be  slow, 
but,  on  the  other  hand,  comparatively  rapid.  It  is  usually  thought, 
however,  that  the  process  of  distillation  is  slow  and  is  continued 
during  a  long  time.  The  petroleum  in  the  Monterey  may  have  been 
formed  inmaediately  after  the  deposit  was  laid  down,  or  the  pro- 
duction of  it  may  be  still  in  progress.  There  is  evidence,  however, 
in  the  presence  of  burnt  shale  in  a  PleistoceiK^  deposit  (see  p.  52), 
in  the  old  and  eroded  deposits  of  asphalt,  and  in  the  i)resenc^  in  cer- 
tain asphalt  deposits  of  the  bones  of  extinct  Pleistocene  mammals*' 
which  were  caught  in  tar  springs  in  Pleistocene  time,  that  much  of 
the  oil  at  least  was  formed  in  the  Monterey  and  disseminated  to  the 
surface  a  long  time  ago.  The  accumulation  and  dissemination  of  the 
oil  has  probably  gone  on  continuously  ever  sin<'e  its  first  formation, 
the  two  processes  taking  place  simultan(M)usly.  There  may  be  por- 
tions of  the  formation  from  which  the  livdrocarbon  contcMit  has  not 
yet  been  extracted  in  the  form  of  oil,  wh(T(»as  oth(»r  portions  may 
no  longer  contain  any  of  the  oil  in  its  original  disseminated  condi- 
tion. The  metamorphism  that  gave  rise  to  the  harder  shales  may 
have  had  the  effect  of  driving  out  the  oil  more  completely  than  it 
has  been  separated  from  the  softer  shale,  and  thus  aided  its  accumu- 
lation, although  this  is  conjectural. 

The  general  conclusion  is  that  in  the  Santa  Maria  district  the 
organic  material  in  the  Monterey  shah^  that  may  have  acted  as  the 
source  of  the  oil  was  without  a  doubt  adequate^  in  amount  for  the 
production  of  the  vast  quantity  of  petroleum  now  present,  and  that 
the  forms  included  in  greatest  abundance,  th(»  diatoms,  were  the 
chief  source,  although  animals  and  perhaps  other  plants  also  con- 
tributed largely. 

PHYSICAL    PROPERTIES. 
GENERAL    STATEMENT. 

The  Santa  Maria  district  yields  four  distinct  <2:rades  of  petroleum,  in 
a^ldition  to  the  heavy  oil  wiiich  flows  from  s|)rin<rs  or  collects  as 
asphalt  deposits.  These  petroleums  vary  widely  in  their  piiysical 
and  chemical  properties  and  as  a  couse([U(^nce  are  utilized  in  many 
different  ways,  the  lighter  oils  usually  for  re(lnin<i:,  the  heavier  for 
fuel,  road  dressing,  etc. 

The  oil  as  it  comes  from  the  wells  contains  var^nu*]:  quantities  of 
gas,  often  amounting  to  a  considerahle  percent  ajre.     The  two  j)rod- 

«  The  data  ol  geochemistry  (in  proparution  for  piiblk'utiuii  by  the  Uuited  Slates  Ciieological  Survey). 
h  BolL  U.  a  OeoL  Survey  No.  300, 19U7,  pp.  154-155. 


114  SANTA   MABIA   OIL  DISTBICT,  CALIFOBNU. 

ucta  are  usually  separated  at  the  wells,  the  gas  being  utilized  for 
heat  or  directly  for  power  and  the  oil  being  run  into  tanks.  This 
tank  oil  still  contains  gas,  most  of  which,  however,  gradually  passes 
off  on  exposure  to  the  air,  with  a  consequent  lowering  of  the  gravity  of 
the  oil.  Before  transportation  by  steamer  it  is  necessary  to  pass 
the  oil  through  a  partial  refining  process  for  the  removal  of  the 
lighter,  volatile,  more  dangerous  constituents;  this  is  done  at  present 
in  the  refineries  at  Port  Harford  and  Gaviota. 

COLOB  AND  ODOIt. 

Nearly  all  of  the  oil  in  the  Santa  ^aria  district  is  dark  brown  in 
color.  The  exceptions  are  the  black  oil  from  the  Arroyo  Grande 
field,  the  reddish  emulsion  from  one  of  the  wells  in  the  Hartnell- 
Brooksliire  area,  and  the  brown  to  greenish  oil  found  in  certain  of 
the  wells  in  the  Lompoc  field.  The  heavier  oil  is  the  darker;  the 
fighter  grades  sliow  the  greenish  hues.  The  darkest  oil  in  the  Santa 
Maria  field  proper  ia  the  19°  petroleum  from  the  wells  in  the  eastern 
Western  Union  group.  Some  very  dark  oil  is  also  said  to  come 
from  the  Lompoc  field. 

The  heavy  oil  gives  off  an  aroma  not  unlike  some  grades  of  lubricat- 
ing oil,  and,  doubtless  owing  to  the  absence  of  hydrogen  sulphide  in 
solution,  has  little  of  the  disagreeable  odor  common  to  that  from 
some  of  the  other  California  districts.  In  this  district  the  lighter  the 
oil,  as  a  rule,  the  sharper  and  less  agreeable  is  its  odor. 

GBAVITT. 

The  gravity  of  the  oil  raises  from  14°  to  about  35°  Baum£.    The 
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those  toand  in  Bulletins  Nos.  31  and  32  of  the  California  State  Min- 
ing Bureau.  The  analyses  of  Santa  Maria  oil  contained  in  these 
bulletins  were  made  by  H.  N.  Cooper,  and,  together  with  those  of 
oQs  from  some  of  the  other  California  districts,  are  copied  in  the 
table  below. 

The  only  definite  information  concerning  the  ultimate  composi- 
tion of  the  oil  is  contained  in  a  table  by  P.  W.  Prutzman^  showing 
the  incidental  constituents  of  California  crude  oil.  This  author 
states  that  a  Santa  Maria  oil  of  17^  (probably  from  the  eastern  group 
of  Western  Union  wells)  contained  0.43  per  cent  of  nitrogen,  no  sul- 
phur, and  8.37  per  cent  of  asphaltene.  The  freedom  of  the  Santa 
oil  from  sulphur  is  one  of  its  chief  and  valuable  characteristics. 

The  following  table  ^  contains  analyses  of  four  oils  from  the  Santa 
district,  accompanied  by  analyses  of  twelve  other  California 
oils  for  purposes  of  comparison.  The  oil  of  analysis  No.  3  in  the 
table  is  the  most  characteristic  of  the  average  product  of  the  Santa 
Maria  field. 

Following  the  table  arc  distillation  tests. 

Chemical  analyses  of  Cali/amia  petroleum. 
[By  H.  N.  CcM^r,  chemist.    Samples  collected  by  Marion  Aubury,  field  assistant.] 
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14 
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WMtern  Union  Oil  Co. 
do. 

Final  OU  Co 

Union  OU  Co.  of  Calif ornia. . . 

S«a  Cliff  OU  Co 

King  Refining  Co 

I.  W.Shirlfiy 

Southern  Pacific  Oil  Co 

Home  OU  Co 

Brea  Canyon  OU  Co 

Los  Angeles  Pacific  Rwy.  Co. 
Union  OU  Co.  of  California. . . 
California  OUfields  (LiniitiKl) 

Homo  OU  Co 

Ixw  Angi'les  Pacific  Rwy.  Co. 
Pacific  Coast  Oil  Co 
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do 
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do SimiinprlHnd 

Krrn Kern  Kl v<t  field . . 

LoH  Angf'lcs Middle  field 

Keni Mc Kit  t  riclc 

Los  Angeles !  \Vhittier 

Orange Fullerton 

Ventura ;  Santa  I'nula 

do Adams  Canyon... 

Fn'srio Coalinga. ..'. 

do do 

Ventura TinilM-r  Canyon... 

I..OS  .\ngeles I'ioo  Canyoii 


»J?. 


SpeoUlo 
gravit/ 
of  crucfe 
at  IS*  C. 
(about 
60*»F.). 


a  Bull.  CaUfomla  State  Mining  IJureuu  No.  :V2,  VM)4,  j).  JlM. 

b  For  a  detailed  description  oi  the  methods  use<i  in  olitainiii^  the  data  nronl* 
reader  is  referred  to  Bull.  California  State  Mining  liureaii  No.  M,  p.  \;  iilem,  Nt). 
p.  230;  or  to  BuU.  U.  8.  Oeol.  8ur\ey  No  :«)•.♦.  1<K)7,  pp.  JiXViOs. 
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Clifmiral  artaly»f»  of  Cali/omia  prtroleum — Continued. 
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FroxmaU  analyti$  oj  a  Santa  Maria  (nl.a 
[Onvlty,  16J»<'  BMund.] 


DISTILLATION. 

B«lowlflO"C 

lartoSTO'C 

Above  270"  C 

Asphalt,  snulB  D 

CALCULATED  ANALT8I8. 

Total  gaaolfaie 

KeRMcne 

MidilHngi  and  hibricants 

Aaplialt,  by  volume  fr 


Percent. 

OraTitv 
CB.). 

1.0 

24.0 
31.1 

ao.5 

41.0 

2.0 

• 

2.7 
16.8 
36.6 

66 

41 

41.9 

2.0 

•  Pratzman,  P.  W..  Bull.  California  Btate  Mining  Bureau,  No.  32, 1904,  Table  25. 
&  By  wei0it  (154  pounds  per  barrel) ,  40 J2  per  cent. 

The  following  analyses  of  oils  from  the  Santa  Maria  district  have 
been  kindly  furnished  by  Prof.  Edmond  O'Neill,  of  the  University  of 
Oalifornia,  who  writes  concerning  them  as  follows: 

1  do  not  know  the  exact  locations  of  the  wells  from  which  these  oils  were  derived, 
bot  they  are  from  the  flnit  wells  opened  in  the  Santa  Maria  property  [prohahly  the 
Hartnell or  the  Santa  Maria  Oil  and  Gas  Company  lease].  There  is  very  little  differ- 
enoe  in  the  chaiacter  of  oila  from  all  this  district,  except  in  the  proportion  of  light 
ooDfltitaentB  and  the  oorresponding  percentage  of  snlphor.  Most  of  these  oils  contain 
wateii  which  seems  to  be  either  in  a  state  of  fine  emulsion,  or  possibly  in  some  feeble 
form  of  hydration — ^that  Is,  frequently  the  water  will  not  settle  out  on  standing,  even 
by  oentrifugalizing — ^nor  will  it  all  be  driven  off  at  a  temperature  of  100*^  Centigrade; 
bat  at  a  somewhat  higher  temperature  it  seems  to  be  given  off  almost  with  explosive 
violence. 

Anaiyset  and  tegtn  of  ttix  mmples  of  oil  from  wells  near  Sanfa  Mnria. 

[Mado  by  K«lnumd  O'Noill.] 
ANALYSEi^. 


No.  3. 


Gravity  at  16.floc.  r=60op.) I 

Gravity  in  degrrees  Baumd 

Flash  point,  open  tester 

Fla>h  point,  cioeed  tenter ( 

BuminfC  point,  open  tester 2:i*^('.- 

Gai^line  precipitate  (asphaltine,  etc.j pkt  cent.. 

Bnlpbar do — 

Cak»rifl<'  value culories . . 

Oalortflc  value........ B. T.  r. . 


0.  S'Jl 

( "■)  I 

3.  1^  F. 
0.6 
1.57 

is,4r».s 


No.  5. 


I" 


O.SIM 
27.  WK)  I 

) 
\SPY.  I 

0.3 

1.59     1 
10.3(>3 
18,  (;=>3 


Xo.  (» 


No.  7 


I . 


I 


Gravity  at  15.6PC.  (=600  F.) 

Gravity  in  de^n^ees  Baum6 

Flafth  point,  open  tenter 

Fla^'b  point,  clueed  tester 

Boming  point,  open  tester 

Gaaoline  precipitate  (asphaltine,  etr. ) per  cent . . 

BQtpbor do — 

Galociflc  value caloriex.. 


0.H07 
'2().K)0 
CO 
I") 
2Pr.---G80F. 
0.7 
1.61 
10,284 
18,512 


20°  C- 


0.908 
24.H00 
) 

) 

68°  F. 

1.6 

2.09 

18,375 

18,676 


0.893 
27.500 

(") 

(«) 
21°C.-70^F. 
0.8 
1.56 
10,229 
18,415 


No.  13. 


0.926 
21. 670 

("> 

240C.«76°F. 
3.0 
1.8 
8,078 
H6tt 


o  Under  15PC. -60°  F. 
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tamplet  of  oU  from  weU*  nwir  Santa  Mario — Continued. 
RESULTS  OF  DiaXILLATlON. 


No... 

K.... 

Ko... 

No.  a. 

Trace. 

'.tin 

26.5 
.896 

K...3. 

Water,  per  cent  by  voluine.. 
fienziiKM,  bolUog  point  an- 
derl.W^C.  ian°F.): 

24.  R 
60° 

39 

'.91!, 

•10.  \ 

ao.i 

19. 2 

,0.8 

Kenwene,  bolllngjiolnt  ii«° 
C.-2fWC.(302=V-iS2"F.): 

Lllhricante.'  bolltog^ini' 
MO"  «;.-SliO=  C.    (4»0*  F.- 

flUi™3w>c.  (eM^F-r"' 

Aflphallum: 

ASSOCIATED   HYDROCARBONS. 
NATURAL  *OA8. 

Throughout  the  Santa  Maria  district  wherever  any  oil  has  been  fpund 
it  is  invariably  accompanied  by  considerable  quantities  of  natural 
gaa;  indeed,  this  form  of  hydrocarbon  is  somewhat  more  widely  dis- 
tributed than  the  oil,  occurring  in  many  places  in  the  shale  above  the 
oil  zones  and  in  some  wells  which  have  yielded  no  petroleum.  The  pres- 
sure of  the  gas  varies  from  zone  to  zone  and  from  well  to  well.    The 
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in  detail  by  George  H.  Eldridge,'  and  are  mentioned  at  various  places 
Uirougfaout  this  bulletin;  further  discussion  of  them  is  therefore 
unnecessary. 

TBCITN'OIiOGT  OF  PBOBUCTTON  AND  tJTIIilZATION. 

OIL  COMPANIES  OF  THE  SANTA  MARIA  DISTRICT. 

The  following  is  a  statement  of  the  oil  operations  in  the  Santa 
Maria  district,  compiled  from  all  data  available  up  to  January  1, 
1907: 

OH  companies  and  wells  in  Santa  Maria  district. 


Company. 


Field. 


Lompoc 

Arroyo  Grande. 

Lompoc 

Santa  Maria 


Anglo-CaUfomian  Oil  Syndicate 

AMOciatad  OU  Co 

BamOUCo 

Brookahire  OU  Co 

CAlffomia  Coaat  Oil  Co do. 

Ctelifomia  Coast  OU  Co.  (Union  Oil  Co.) do 

CAlifomi^-Newlove  OU  Co Arroyo  Grande. 

r»giTr*"*  Raodi  OU  and  Development  Co. .'  Santa  Maria. . . . 
^  OUCo do. 


Lompoc 

Santa  Maria.... 
Arroyo  Grande. 

Siuitaiiaria!!!! 

....do 

....do 

....do 

Arroyo  Grande. 
do 


€kmmt  Una  OU  Co 
CobileDtsOUCo... 

Crown  Oil  Co 

CiratalOUCo 

DbBBaDdOnCo.., 

IKNMOaCo 

QimekmmOaCo... 
UmU  A  Uah  OU  Co 
La  Grande  OUCo. 
Laffuna  Land  Co. . 

Lompoc  OU  Developing  Co '  Lompoc 

htm  Alamof  OU  and  Development  Co. | do 

Lmm  Flores  Land  and  OU  Co '  Santa  Maria .. . 

McNee  OD  Co Arroyo  Grande 

Meridian  OU  Co SanU  Maria . . . 

Vjitiooal  OU  and  Transportation  Co.  (As-  ' do 

sociatedOilCo.).  I 

New  Hoaana  OU  C-o '  A rroyo  Grande 

Oak  Park  OU  C^ do 

Pennsylvania  OU  Co Santa  Mariu . . . 

Perpetual  OU  Co Arrovo  (Jrandc 

Pacific  OU  and  Transportation  Co.  (Asso-     Sunta  Maria... 

ciated  OU  Co.). 

Palmer  Oil  Co do 

Pinal  OU  Co do 

Radium  Oil  Co i do 

lUcmit  OU  Co.  (Efcolle  and  Newhall) do 

Rice  Ranch  OU  Co do 

Santa  Barbara  OU  Co Santa  Ynoz 

Santa  Lucia  OU  Co Arroyo  ( ;  rando 

Santa  Maria  OU  Co.  (Union  OU  Co.) Santa  Maria . . . 

8*nta  Maria  OU  and  Gas  C^.  (Union  Oil  Co.)  do 

Santa  Yne*  VaUey  Development  Co Santa  ^'noz 

Southern  Pacific  Co Santa  Maria . . . 

Standard  Oil  Co.  (pipe  lines,  storage,  etc.).. do 


SUUvreU  Oil  Co ... : do 

Syndirate  OU  Co.  (Union  OU  Co.) do 

ITie  OUCo do 

Tiber  Oil  Co .\rroyo  (J  rande . 

Todoa  Santos  OU  Co Lompoc 

Traders'  Union  OU  Co Santa  Maria 

L'nion  on  Co.: 

Burton  lease. 

K«<soii  lease. 

Folflom  lease. 


OU  weUs. 


Produc-      Aban- 
tivo.     i    doned. 


Lompoc 

Santa  Maria. 


3 


1 
6 
1 


1 
11 


1 
4 


2 
5 


1 

61 

1 


•> 


1 
2 


1 


1 
2 

1 
1 
1 


a 


2 

1 
1 
1 

2 
3 


1 
1 
3 


Total. 


2 

8 
2 


14 


8 


•  The  aaphalt  and  bituminous  rock  deposits  of  the  United  States:  Twenty-second  Ann.  Rept.  U.  8> 
Oeol.  Sarvey,  part  5, 1901,  pp.  209-4.'>2,  pis.  25-^,  figs.  1-62. 
»WattrwelL 
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WELL  DRILLING. 

The  wells  in  tlie  Santa  Maria  district  are  among  the  deepest  oil 
pniduoers  in  the  world,  one  of  tliem  reaching  a  depth  of  over  4,400 
feet.  Except  at  three  or  four  wells,  where  rotary  drills  have  been 
tiscd  to  penetrate  the  soft  sanda  and  shales  near  the  surface,  all  of. 
the  drilling  has  l)een  done  with  the  standard  rig.  The  casing  used 
ranges  in  diameter  from  12  to  16  inches  at  the  top  down  to  41  inches, 
and  in  some  wells,  it  is  believed,  even  smaller,  at  the  bottom.  The 
cost  of  tlie  deeper  wells  runs  in  general  from  {12,000  to  {20,000, 
but  several  of  the  deepest  are  said  to  have  cost  even  more  than  the 
latter  figure. 

Owing  to  the  close  texture  of  the  shale,  it  is  usually  possible  to 
carry  tlie  hole  down  fur  a  considerable  distance  below  the  casing 
without  danger  of  caving.     Wlierever  the  wells  penetrate  the  soft 
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ProdwHon  of  crude  petroleum  in  Santa  Maria  oil  district,  190t — 1906.^ 

[BarrclB  of  ti  gallons  oach.] 

1902 »9,283 

1903 178,140 

1904 1,367,174 

1906 2,566,966 

1906 4,906,613 

9, 117, 076 

The  estimated  maxinium  capacity  of  the  district  January  1,  1907,  is 
40,400  barrels  per  day. 

STORAGE  CAPACITY. 

The  storage  facilities  of  the  district  consist  of  steel  and  wooden 
tanks  and  open  earthem  reservoirs.  The  reservoirs  are  located 
only  in  the  field  and  are  used  only  temporarily  or  in  cases  of  emer- 
gency. The  total  storage  capacity  of  the  district,  not  including  the 
open  reservoirs,  is  1,464,000  barrels. 

TRANSPORTATION  FACILITIES. 

The  <nl  from  the  Santa  Maria  district  is  distributed  by  means  of 
pipe  lines,  tank  cars,  and  some  of  it  eventually  by  tank  steamers. 
The  principal  pipe  lines  of  the  district  are  four  connecting  the  field 
with  Port  Harford  and  one  running  from  the  Western  Union  wells 
to  Oaviota.  The  rail  lines  available  are  the  Southern  Pacific  at 
Graviota,  Casmalia,  and  Betteravia,  and  the  Pacific  Coast  at  Carreaga 
and  Orcutt.  Tank  steamers  of  the  Associated,  Standard,  and  Union 
ofl  companies  take  the  product  from  Port  Harford  or  Gaviota. 

The  following  is  a  summary  of  the  principal  pipe  lines  in  the 
district: 

Pipe  lines  in  Santn  Maria  oil  district. 


CompaDy.  i  From—  '  To—  Distance . 


I 


Miles. 


OU  Timnflport  Co '  Gracioaa  wells Oil  Tort 34 

GnchMftOilCo Wells Casnuiliji 8 

Lm  Alamo*  OU  and  Development  Co . . ' do Ca  rn'aga 

JPacUfe  Oil  and  Transportatton  Co Ureiitt f  Javiota 51 

PiiMi  and  Brookihiie  oil  companies .. .   Weil.s (.i  raeiosa  .station 2 

I>0 ' 'lo Hetteravia 7 

Standard  OilCo '  Orcutt Tort  llarfonl 32 

Do I  Western  I'nion  wells Orcutt 7 

Do Hall.    Dome,     IMiial,    ami    do 3 

I      Brookshin' wells. 

Staodard  Oil  Co.  (2  lines) Pacific    Const     Oil    Co.'s     Tort  llarfonl 

'      tanks. 

UnonOilCo Orcutt do 32 

Do do do 32 

Do Lompoc  field orcutt 16 

Do Escolle  and   Santa   Maria    do 3 

Oil  and  das  Co.'s  wells. 

Do Fox,  Ilol>h.s,  Fol.'<om,  an<l    'lo 3 

other  wells. 

Do Reservoirs  Nos.  1,  2,  and  3 do 4 

Union  OU  Co Wells CarriMiga ;  4 


kCompUad  from  data  furnished  by  the  dlfleient  operating  companlea. 
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REFINERIES. 

The  principal  refmerios  utilizing  the  oil  from  the  Santa  Maria  dis- 
trict are  as  follows: 

Calif oT^ia  Petroleum  Rejineneft,  Limited. — The  refinery  of  this 
newly  organized  company  is  now  in  course  of  erection  at  Oil  Port, 
south  of  Port  Harford.  It  is  said  that  the  initial  capacity  of  this 
refinery  will  be  about  7,000  barrels  per  day,  and  that  all  the  usual 
products  will  be  refined. 

Pacific  Oil  TransporiatioTt  Company. — The  refinery  of  this  com- 
pany is  located  at  Gaviota,  and  consists  of  nine  stills  with  a  capacity 
of  1,050  barrels  of  crude  oil  per  day.  The  principal  products  are 
illuminants  and  fuel  residue. 

Standard  Oil  Company. — The  plant  of  this  company  is  located  at 
Point  Richmond,  Contra  Costa  County,  and  is  said  to  consist  of  19 
stills  with  a  capacity  of  5,000  barrels  of  crude  oil  and  4,000  barrels 
re-run  per  day.  The  products  are  illuminants,  lubricants,  and  coke. 
Union  Oil  Company  of  CaUfomia. — The  main  refinery  of  this  com- 
pany is  located  at  Oleum,  Contra  Costa  County,  and  consists  of  a 
number  of  stills  capable  of  producing  illuminants,  distillate,  and 
asphalt. 

UTILIZATION    OF  THE    OIL. 

Most  of  the  oil  from  the  Santa  Maria  district  is  refined,  the  lighter 
products  being  used  for  illuminants  and  for  the  direct  generation  of 
power  in  gas  engines,  and  the  heavier  products  and  unrefined  heavy 
oil  for  fuel,  lubricants,  road  dressing,  etc.  With  the  exception  of 
a  very  small  amount  used  locally,  all  the  oil  is  sent  out  of  the  district, 
the  greater  part  of  the  product  at  present,  it  is  believed,  going  to  the 
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The  formations  involved  in  the  geology  of  the  district  include  the 
Franciscan  (Jurassic  t)  sandstone,  shale,  glaucophane  schist,  jasper, 
and  intruded  serpentine;  £[noxyille  (lower  Oetaceous)  conglomerate, 
sandstone,  and  shale;  pre-Monterey  (which  may  include  both  Cre- 
taceous and  older  Tertiary)  conglomerate,  sandstone,  and  shale; 
Tejon  (Ek>cene)  sandstone,  shale,  and  conglomerate;  Yaqueros  (lower 
Miocene)  conglomerate,  sandstone,  and  shale;  Monterey  (middle 
Miocene)  diatomaceous  and  flinty  shale,  limestone,  calcerous  shale, 
and  volcanic  ash;  Fernando  (Miocene-Pliocene-Pleistocene)  con- 
glomerate, sandstone,  and  shale;  and  Quaternary  gravel,  sand,  clay, 
and  alluvium.  The  sedimentary  formations  of  Tertiary  and  early 
Quaternary  age  have  a  combined  maximum  thickness  of  at  least 
13,200  feet. 

A  variety  of  igneous  rocks  of  Oetaceous  and  Tertiary  age,  mostly 
intrusive,  outcrop  over  small  areas. 

The  Monterey  shale  (middle  Miocene)  is  the  original  and  chief 
oil-bearing  formation,  the  petroleum  having  originated  and  remained 
in  it  in  large  quantities.  Some  has  escaped  by  seepage  and  collected 
in  the  overlying  Fernando  formation  or  the  Quaternary  terrace  de- 
pofiits,  or  has  been  dissipated.  The  oil  is  supposed  to  accumulate  in 
fractured  zones  and  porous  sands  in  the  lower  portion  of  the  Monterey, 
where  brittle  shale  predominates,  anticlines  furnishing  the  most  favor- 
able conditions  for  accumulation.  The  Monterey  shale  is  in  large 
part  of  organic  origin,  being  especially  rich  in  diatoms,  and  the  oil 
is  supposed  to  be  a  product  of  the  plant  and  animal  remains  inclosed 
in  it.  The  quantity  of  these  remains  originally  deposited  with  this 
forniation  is  sufficient  to  account  for  a  vast  amount  of  derived  oil. 

Two  structural  systems  prevail  in  the  district,  the  featiues  in  the 
northeastern  portion  striking  northwest  and  soutlu^ast,  those  in  the 
southern  portion  striking  east  and  west,  and  those  in  the  intervening 
region  trending  in  a  direction  intermediate  between  the  two.  Few 
faults  of  importance  were  noted  in  the  field.  The  productive  terri- 
tory lies  in  a  region  of  more  or  less  gentle  folds  in  the  central  part  of 
the  area,  most  of  the  wells  being  located  along  or  near  anticlines. 

The  wells  range  in  depth  from  1,500  to  more  than  4,000  feet.  In 
the  Santa  Maria  and  Lompoc  fields  they  obtain  oil  from  zones  of 
fractured  shale,  and  possibh^  in  certain  places  from  sandy  layers  in 
the  lower  portion  of  the  Monterey  formation.  The  production  of  the 
individual  wells  ranges  from  5  to  3,000  barrels  per  day,  the  average 
being  between  300  and  400  barrels.  The  oil  ranges  in  gravity  from 
19"*  to  35''  Baum^,  the  greater  part  of  it  being  about  25°  to  27°.  In 
the  Arroyo  Grande  field  the  oil  comes  from  sandstone  at  the  base 
of  the  Fernando  and  is  of  14°  gravity.  There  is  in  all  these  fields 
much  undeveloped  territory  which  oflFers  great  promise  of  being 
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highly  productive.  The  conditions  affecting  the  presence  of  oil  have 
been  discussed  for  individual  areas  and  those  places  enumerated  in 
which  the  conditions  seem  favorable  for  its  accumulation. 
.  There  are  52  oil  companies  interested  in  the  district;  11  of  these 
own  all  the  producing  wells.  Of  the  174  wells  in  the  district  94  are 
productive,  55  arc  drilling,  and  25  are  abandoned.  The  total  pro- 
duction of  the  Geld  up  to  January  1,  1907,  was  9,117,076  barrets;  the 
production  for  1906  alone  was  4,906,513  barrels. 
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PLATE  XII. 
Tejon  (Eocene)  Fossii.a. 

(Unlofw  cithtTwin-  iii<liml<Hl  nil  liKim'n  un-  niiluml  tiizi'.) 

CardiumbrfumiOahU      T>-pi'.     Righf  vulvc;  ullituilcGI  mm.     Vifwcifvxf 
nor      Pul   I  nhf'.mia.  vol.  1,  18(i!l.  pi.  24.  Jig.  155.     A  <i.inni<m  t^^'i-U-^ 
th(  F(K.(ni  .  f  thi  Santa  Ynt'Z  Mnuntoirie. 
a    ( TiutatfUiUt   colhna   I  onrad.  V.S.S.M,  ]'>5:)12.     Left  valvL-;  linipitudi- 
mm      ^iin  of  <  xlirior.     San  Julian  raiu:li(450Tl.     rharactcrL^rk-of  l1 

h   View  of  iinli  nor  <  nd  <if  Baiiic  Epi.'<-imcn. 

.   CrautUilites  coHma   Conrad.     V.S.N.M.  Hi5S12.     Hinge.     Same   hx-aliiy 

fig-  2. 
.  PrrUn  iChlaoiysi  ynexiana  Arnold.     U.S.K.M.  l(h")313.     Parat>-i>p.     Allilm 

52  mm.    View  of  cxtfriiir.    San  Julian  ranih  H5071.    i^harflcKTistii- 

«.   FinitmamillatiiiiHhb.     U.S.K.M.  165319.     AltitudcSl  mm.     Vicwoflmr 
North  of  Suildcn  (4518).     CharartoriBlic  of  this  liorizon. 


TEJON  (EOCENE'  FOSSILS. 


PLATE  XIII. 
Kkoxville  (Cretaceous)  and  Tejon  (EkjcENE)  FosaiLs 


(rnlpBB  iithcrwiw-  indirated  all  figur 


f  natural  si 


Fifi.  2. 
Kni.  ;ta. 


AucellapiorhiHrAhb.    U.8.N.M.  30831.    Right  valvp;  altitude  25  mm.   View 

of  I'Xtcrior.     Knoxvillc  (lower  Cretaceiuifl)  formation.  East  Fork  Te]>ui"- 

quct  Creek  (4173).     CliaraeterUlic  of  the  lower  Tretaepous  thrciupiiniit 

the  Coast  RangcB. 
Anttlla  piockii  Gabli.    U.S.N.M.  30831.    Left  valve;  altitude  15  mm.    View 

of  exterior,  x  2.    Same  loc-ality  and  horizon  ae  fig.  1. 
Aucctta  piodtii  Gabb.     Left  valve:  altitude  27  mm.     View  of  exterior.     Hull. 

V.  S.  GcoL  Survey  No.  133,  1895.  pi.  4,  fig.  6. 
Exterior  of  right  valve  of  same  Bpeeimen.     Op.  eit,,  pi.  4.  fig.  7. 
Vrtterirardia  planicoila  Lamarck,  U.S.N.M.  164973.     Left  valvei  longitude  84 

mm.    Eocene,   Little   FsIIb,  Wash.     Tliie  is   the   most  wiileepread  and 

rhoracteriHtic  Eocene  species  in  the  world. 
Tiirritdla  (martinaentit  Gabb)  var.  /  lompoeemU  Arnold.     PaTat>TM-.     Alti- 

tu<le  of  fragment,  30  mm.    Back  view.    Same  locality  as  fig.  S. 
Itasal  view  of  same  specimen. 
PecteniChlamyi)  ynmana  Arnold.     U.S.N.M.  105313.     T>-pe.     Right  valve: 

altitude  64  mm.     View  of  exterior.     San  Julian  ranch  {4507).     <'harai-- 
of  this  horizon. 


PLATE  XIV. 
Tejon  (Eocene)  Pelecypoda. 

(Unlpss  "tlu'rwisu  indicaU'il  all  figures  aro  nntiiral  aizc) 

Fio.  In.  Oslrea  idrioeMis  Gabli.     U.8.N.M.   1C5318,     I.fft  valve;  alliludf  114   ii 

Vif'w   fit   cxtprior.     North   of    Sudtleo    (4518).     CliaractiTiBtic    ^f 

horizon. 
Fir,,  ii.  View  of  exterior  o(  right  valve  ol  same  Bpeoimrn. 
Fio.  2.  Pharoulfs  cumutala  Gabl>.     U.8.N.M.  165328.     Right  valve;  allitudi-  JO  u 

View  of  exterior,  X  4.     Thn-e  miles  north  of  Sudden  (45]8j;  also  km 

from  lypo  locality  of  Tejon  formation. 


PLATE   XV. 

Vaqueros  (Lower  Miocbme)   Fossils. 
(Unlosa  othcrwiw  indicated  all  figuivB  are  natural  sin 


Fm.  1(1.  Purpura  txiqiifToumgln  AnioM.     Collertion  tif  Delos  Arnold,     Type.     AUi- 
tiui«HX)miti     A|iertun>view.     LyndiHMoiintain,  Monterey  Count  y,('a1. 

Fki.  ib.  Itai'k  vi<-w  <if  Rami'  Hperimen. 

Fig.  2.   iUxliohis  yjuxiana  Arnold.     U.S.N.M.  165324.     Typi'.     Right  valve;  alliliidc 
31  mm.    View ol exterior,  X  2.    SanJulian ranch  1.4504).    Charait eristic 
of  this  horizon. 
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PLATE  SVI. 

Vaqueros  (Lower  Miocene)  Fossils. 

(Unless  iitliprwiw  JndicattMl  all  figun  9  uta-  natural  snt 


Pi<i.  1.  Pccfcn  {Lgroptrtrn)  magnolia  Conrad.     r.S.N.U.  1053)7.     Right  valvi>;  ii 

ludf  155  mm.    View  •>(  exterior,  X  J.    San  Julianranch.    A  oliiinic 

ifltic  VaqueriB  sppric^a. 
Pic.  a.  0»lrfa  .libidgei  Arni.ld.     U.S.X.M.   165307.     Left  valve;  altitude   KX)  ti 

View  of  exterior.     Mouth  of  Dallnrd  Canyon,  2  inilee  niuth  of  Santa  Y 

(M78).    Clianir t prist  ic  of  tbid  horizon, 
t"!!!.  3.   TurritrUa  incziatia  CannA.     U.S.S.M.  105321.     Altitude  120  mm.     View 

Bidt-.     Ten  miles  west  of  Santa  Yuez  (4514).     Characteristic  of  tUis  h 

zou  throughout  llie  Coast  Raugea. 


VAQUEBOS  .  LOWER  WtOCEME     FOSSILS. 


PLATE  SVTI. 

Vaquebos  (Lower  Miocene)  Pelecypoda  and  Brachiopoda. 

(UnlcHB  iithcrwisi'  indicaleil  all  figureB  are  natural  Hize.) 

Fir..  1.  Pecten  [Ptcten)  vanvUchi  Arnolil.  U.S.N.M.  165305.  Type.  Right  valve; 
altitude  64  mm.  View  of  exterior.  Mouth  of  Itallard  Canyon.  2  mi\pB 
south  of  Santa  Ynez  (4478),    ChaiwtPristic  of  this  horizon. 

Fio.  2.  Pecten  (Ptcten)  ivnr lerti  Amald.  U.S.N.M.  165306.  Paratype.  I«ft  valve: 
altitude  72  mm.  View  of  exterior.  Mouth  of  liallarci  Tanyon,  2  iiiilfB 
Bouth  of  Santa  Ynez  (4478).    Characteristic  of  this  horizon. 

Fio.  3.  Peden  (ChUiniy»)  leipettuit  \ar.  kydei  Arnold.  U.S.K-M.  165308.  Left^■alve; 
altitude  60  mm.  View  of  exterior.  Mouth  of  Dallard  Canyon,  2  mih'B 
eouth  of  SantA  Ynez  (4478).    Characteristic  of  this  horizon. 

Fia.  4a.  Ttrebralalm  kexiwdsi  Dall.  U.S.N.M.  165325.  Type.  Ventral  valve;  alH- 
tuiie  26  mm.  View  of  exterior.  Lime  quarry  5  miles  eoutliwest  of 
Lompoc  (4521).    Chamcleriatic  of  this  hori/on. 

Fin.  46.  Dorsal  valve  of  same  apeciea;  altitude  of  fragment   18  mm.     View  of  exte- 


VAQUEROS    LUvVOt  WIOCENEi   PELtCTPODA  AND  BRACHIOPODA. 


PLATE  XVIII. 

Vaql'eros  (Lower  Miocene)  Pelectpoda. 


(Unlf'Bs  olhi-'rwisi-  indioared  all  figures  ai 


e-hulf  natural  wzp.) 


Fin.  1.  Peelen  ( Lyropeeten)  rrasiiearilo  Conrad.  U.S.N.M.  IWSU;,  Exterior  uf  valve, 
showing  charactcrislif  sculplurc;  altitude  90  mm.  Ojai  Valley,  Veii- 
lura  County,  Cal.  This  species  ranges  throughout  the  Miocene,  iM'ing 
commoner  in  the  lower  part  in  Bimthero  Califomift,  in  the  upper  jiiirt  in 
central  California. 

Flo.  2.  Pfctcn  (Amutiujn)  loatpoetTuix  Arnold. 
Sciences.  Holotype.  Mold  of  int 
Four  miles  south  of  Lompoc. 

Fio.  3.  I'ectm  [Anmsi \im)  lompocnuU  Arnold.  U.S.N.M.  164852.  Paratj-pe.  Inte- 
rior of  a  portion  of  left  valve:  altitude  90  mm.  Ojai  Valley.  Venliirn 
Coimty,  Cal. 

Flo.  4.  Peelen  (Amatiiim)  lompoefnxa  Arnold.  Collection  of  California  Acadi'my  «l 
Sciences.  Paratype.  Imperfect  mold  of  interior  of  right  valve;  liiiigi' 
line  42  mm.    Same  locality  a»  fig.  2. 

Fio.5.  Peelen  {Lyropeeten)  bowergi  Arnold.  Collection  of  University  of  t'alifnmia. 
Type.     Exterior  of  slightly  imperfect  right  valve;  altitude   J50  luni. 


VAQUEROS  iLOWER   MIDCiNE)  PELECVPOD*. 


PLATE  XIX. 
Monterey  (Middle  Miocene)  Diatoms, 

Fia.  1.  Photomicn^raph  nf  slide  of  partially  cleaned  dial«mtt<M?<iua  shall'  mati'rial 
from  thp  I-(imi)oe  quadrangle,  X  100.  All  the  larger  individuals  and 
tif^ments  ace  Cotdnoducus  oculus  iVirfw  Ehrenbfrg. 

P^o.  2.  Pliiitomicnigraph  irf  slide  iif  diatiims  from  tho  Monterey  shale  at  Sanlu  Monieii. 
I.ijs  Angelen  County,  Cal  ,  X  00.    Nearly  all  the  Hiweies  shown  mi  this 
slide  occur  in  the  diatomaceoua  deposits  in  tho  Santa  Maria  district. 
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PLATE  XX. 

Monterey  (Midih-e  Miocene)  Diatoms. 

Fio.  Id.  Aetinoptyckus  undulatus  EhrenhiT);. 

Fill.  It.  Lilhodesmivm  cimiigeriim  UniTi, 

Fi(i.  k.  Dictyocha  yradlis  (rot  a  (iiatcuni  nalun-  unkno^rnl.     Enlargement  lo 

diamt'ters  of  a  piirtion  of  the  xliilo  shown  in  PI.  XIX,  tig.  1. 
Fiu.  2.  CoKinodUciii  obiainui  A.  S.,  X  1,000,     From  the  Monterey  ehalf  of  thi-l' 

Maria  diHtriet. 
Fi«.  3.   Cosrinorftscu*  tublitU  EhrenbctK,  X  1.000.     Frtim  tho  Mimlercy  ahalf  ■' 

Santa  Maria  dixtrii'i. 
Fir..  4.   CotriwMlUcug  robiittui  firtv.,  X  1,000.     From  tht-  Monterey  ehalt  of  thi' ! 

Maria  diBtriet. 
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UONTEREV  iMIOOLE  MIOCENE.  DIATOMS. 


PLATE  XXI. 

Fernando  (Pliocene)  Gasteropoda. 

(Unlosfl  otherwise  indicated  figures  are  natiirsl  wze.) 

\.  I.   Trochita radians L^taatcV..    U.S.N.M,  165310.    Maximumdianieterof fragment 

20  mm.     Vii'w  of  top, X  2-     Fuglcr  Piiint  asphalt  mine,  near Garj-  i4475i. 

Characteristic  of  the  upper  Miocene  and  lower  Plio<-enc  of  this  rt^on. 
1.  2.  Pricne  orfgonen^   Redfield   (young),   U.S.KJil.    165262.     Altitude  46   mm. 

Apeilurc  view.     Waldorf  asphalt  mine  (4473).    Also  known  n-icnt. 
:.  :i.  Lunatia  Ini-ititi  Gould.  U.S.N.M.  165264.     Young  Bpecimen;  altitude  23  inm. 

Aperture  view,  X  2.     Waldorf  aaphalt  mine  (4473).     Also  known  recent. 
1.  4.   Thalolia   cajfta   Gabb.   U.S.N.M,  165298,     Latitude   29    mm.     Back   view. 

Fugler  Point  aaphalt  mine,  near  Gary  (4475).     AL-»  known  recent. 
1.5.   rA<ii»>(Mirfl/faGal)h.U.S.N.M.  165297.     Latitude  of  (ragment  21  mm.     View 

of  iiide  of  fragment,  slightly  tilled  up.    Same  locality  as  tig.  4. 
!.  fl.  Lgmnxa   alamoamsU    Arnold.     U.S.N.M.    165426.     Type.    Ahitude   6  mm. 

Aperture  view,  X  6.     Fresh-water  l)eds,  1  mile  southeast  of  bench  mark 

425,  Los  Alamos  Valley. 
:.  7.  LpanrM  atamoicntk  Aruold.     U.S.N.M.  165426.     Young  fliH-cimen:  allilude 

3.5  mm.    Same  locality  as  (ig,  6, 
i.  8.   Cadulat  fugiformix   Sharp   and   Pilsbry.     U.S.N.M.    165267.     Longitude    10 

mm.     Side  view,  X  3.     Waldorf  asphalt  mine  (4473).     Known  alaoreci'iit . 
\.  9.   Cancellaria  crau'/ordiaTta  BaW  \aT.    fugkri  Arnold.    U.S.N.M.  166322.     T>-pe. 

Altitude  22.5  mm.    Aperture  view,  X  2.    Fugler  Point  asphalt  mine, 

near  Gary  (4476).     Characteristic  of  this  horiKon. 
:.  10.  Odnrbra  mkheli  Ford  var.  u-aldorfeniU  Arnold.     U.S.N.M.  165261.     Typ<-. 

Altitude  II  mm.     Aperture  view,   X  3.     Waldorf  asphalt  mine  (4473). 
t.  II.   Turritdla  (oopen  Carpenter.     U.S.N.M.   165273.     Altitude  34  mm,     Ajxt- 

ture  view,  X  2,     Waldorf  asphalt  mine  (4473),     Common  in  the  Pliocene 

and  Pleialoeeno. 
!.  12,  DiiUia  ualdorfnms  Arnold,     U,S.N,M.  165270.     Type.     Altitude  18.5  mm. 


ftHNANC/O  iPlI<7CbN£j  uaSTbAOPOOk. 


PLATE  XXII. 

Fernando  (Pliocene)  Fossils, 

(Unli'SB  otherwise  indicated  all  figurea  are  natural  size.) 

Fin.  la.  Pholadidea  ovoiika  Gould.  U.S.N.M,  165277.  Longitude  58  mm.  View  <.t 
valve.    Waldorf  asphalt  mine  (4473).    Also  known  riK-ent. 

F[o.  16.  View  ot  liinge  region  of  both  valves. 

Fid.  2.  Purpura  rriipata  Chemintz.  U.S.N.M.  165278.  Altitude  20  mm.  Aperture 
view.    One  uiilc  north  ot  Si'humann  (4474).    Also  known  recent. 

Fio.  3a.  Leda  laphria  Ball.  U.S.N.M.  ie&296.  Longitude  10.6  mm.  View  of  ..xte- 
rior,  X  3.     Fugler  Point  aephalt  mine,  near  Gary  (4475).     Also  known 

Fig.  3b.  View  of  hinge  region  of  both  valves. 

Fio.  4a.  Terebratatia  oceidemalis  Dall.    U.S.N.M.  165300.    Ventral  valve;  latitude 

30  mm.    View  o(  exterior.     Fugler  Point  asphalt  mine,  near  Gary 

(4475).     A  variable  apcciea.     Also  known  recent. 
FiQ.  4b.  View  of  doreal  valve  of  eainc  specimen. 
Flo.  5,  Moeoma  -noiuta  Conrad.    U.S.N.M.  16527G.    Longitude  47  mm.    View  of 

right  valve.     Waldorf  asphalt  mine  (4473).     Also  known  recent  and  in 

Flo.  6.  Phamidet  nuttalli  Conrad  var.  on/«wfeiW  Arnold.  U.S.N.M.  165290.  Tyji.'. 
Left  valve;  longitude  23  nun.  View  of  exterior,  X  2.  Alcatraz aspliiill 
mine,  near  Sisquoc  (4471).    Characteristic  of  this  horizon. 

Fio.  7.  Cryploniya  otalisConnA.  U.S.N.M.  16S289.  Left  valve;  longitude  23  mm. 
Alcatraz   asphalt   mine,    near    Sisquoc   (4471).     Characteristic   of   this 
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PLATE  XXIII. 

Fernando  (Pliocene)  Fossile). 

(Union  Dthcrwiei.'  indicatiKl  all  figuruB  arc  natural  size.) 

.  Spuula  liaqnocensi^  Amolii.     U.S.N.M.   165292.     Type.     Left  valve;  longi- 
tude 120  mm.     View  of  enteriiir.   X   i-     Aloatraz  asphalt  mine,   nciir 

Siaquoc  (4471),    rharai-teristic  of  this  horizon. 
.  Ctuliophora  punctata  Carpenter.     U.S.N.M.  165302.     Right  valve;  Umgitiiil.- 

36  mm.     View  of  exterior.     GtaeioBa  Ridge,  near  Orcutt  (4476"i.     ,\lsi> 

kn.mTi  recent. 
.   Clidiophora  piinclala  Carpenter,     U.S.N.M.   1U5283.     Left  ™lve;  loi^itude 

35  mm.     View  of  interior.     Gracioea  Ridge,  near  Orcutt  (4476).     Also 

known  recent. 
.    Venericardiaralifomira  Dall.     U.S.N.M.  166274.     Altitude  29  mni.     Api-rliire 

view.     Wahlorf  asplialt  mine  (4473).     Characteriatic  o(  thia  horizon. 
■.   Citmingia  rali/omi<ii  Conrad.     U.S.N.M.  165311.     Left  valve;  longiludc   IT 

mm.     View  of  exterior,   X  2.     Fugler  Point  asphalt  mine,  near  Garj' 

(4475).     Also  known  recent. 
..  Spis'iila  calilU/annis  Conrad  var.  alcatrateniii  Arnold.    U.S.N.M,    l(i5291. 

Type.     Right  valve;  hmgitudc  128  mm.    View  of  exterior,  X  i-    Alm- 

truz  iiaphiilt  mine,  ncnr  Sisquoc  (4471).     Characterietic  uf  this  horizon. 
.  Hathytoma  cnrpentfriana  C-ahb  var.  frrnandoana  Arnold.     U.S.N.M.   165:W3. 

Type.     Altitude  24  mm.     Aperture  view.     Gracioaa  Ridge,  near  Orcntt 

(447G),     CharacteriBtie  of  this  horizon. 


FERNANDO   ,  PLIOCENE.   FOSSILS. 


PLATE  XXIV. 

Fernando  (Pliocene)  Fossils, 

(XTnli'ss  iithemitie  indicated  all  figures  are  natural  bIzo.) 

Fig.  1.  Crepidula  prineept  Conrad.  U.S.N.M.  165268.  Longitude  76  mm.  Side 
view.  Waldorf  asphalt  mine  (4473).  Known  only  in  the  fossil  state, 
and  found  in  Santa  Barbara  County  only  in  tlie  Feraando  formation, 
altbough  il  IB  known  from  the  lower  Miocene  farther  north. 

Fio.  2.  Cnpidula  prit>cep$  Conrad.  U.S.N.M.  165315.  Longitude  106  mm.  View  cf 
interior,  showing  deck.    PackardB  Hill,  Santa  Barbara. 

Fio.  3.  Astyris  rirhlhqfeni  Gabb.  U.S.N.M.  165266.  Altitude  14  mm.  Aperture 
view,  X  2.     Waldorf  asphalt  mine  (-1473).     So  far  known  only  a."  fiml. 

Fi<j.  4.  A'Msa  cali/omuma  Conrad.  U.S.N.M.  165.304.  Altitude  30  mm.  Aperfure 
view.  Gracioea  Ridge,  near  Orcutt  (44771.  Characteristic  of  ihia 
horizon  in  the  Santa  Maria  district. 

Flo.  5.  Area  friliwota  Conrad.  U.S.N.M.  165301.  Left  valve;  longitude  46  mm. 
View  of  extpritir.  Fugler  Point  asphalt  mine,  near  Gary  (4475).  Com- 
mon in  the  Fernando  and  equivalent  formations  and  also  found  in  the 
Monlerey. 

Via.  6.  Erhinarachnius  atkleyi  Merriam.  U.S.N.M.  165259.  Maximum  diameter  69 
mm.     View  from  above.     Graciosa  Ridge,  near  Orcutt  (4469). 

Fiti.  7.  Echinarachniiis  otkliyi  Merriam.    U.S.N.M.  165259.    Maximum  diameter  47 


PLATE  XXV. 
Fernando  (Pliocene)  Pectens. 


(Unless  othcrwisi'  indicated  all  figureM  lire  two-lhircis  i 


e.) 


Fi(i.  la.  Pcclm  {P 


Ml.  U.S,K.M.  HSOOS.  High!  valvi';  uliitude 
(lerior.  San  Diego  tiimiation  (Pliorenel,  Pni'ilip 
Beafh,  San  Diego  Cimntj',  Cal.  Common  in  the  Fernando  formalitm 
of  euuthcm  California. 

Exteriur  of  lofl  valve. 

Arnold.     Collection  of  Univereitj'  of  California, 
anterior  car  slightly  broken;  altitude  E<5  mm. 
View  of  exterior.     Fox  en's  ranch.    CharaeleriHiie  of  this  horizon. 
Sani<:  specimen  ofl  lig,  2a.     Eiterior  of  left  valve. 

PecUn  (Chlamys)  lautom  Arnold.    Collection  of  California  Academy  of  Science. 
Type.    Right  valve  (umbo  and  eats  missing);  longitude  65  mm.    View 
One   mile    north   of  Schumann.    Charactcriatic  of    this 


'.  Same  specimen  an  lig,  la. 

:.  Ptffrn  \  Palinoprcten)  oiit: 

Type.     Right    valve, 


.  Peden  {Chlamys)  waltti  Arnold.     Collection  of  California  Academy  of  Science 
Type.    Slightly  imperfect  left  valve;  altitude  66  mm.    View  of  e 


PLATE  XXVI. 

Fernando  (Pliocene)  Pecten. 

(UnlpsB  olhcrwii^?  indicated  all  figiiros  are  Iwo-thirdR  natural  pizc.) 

1.  Ptrlen  {PalinopteUn)  heahyi  Arnold.    U.S.N.M.  148012.    Holntypc.    RiRht. 

valvp;  altitude  J21  mm.  View  of  exterior.  San  Dic^  formatiiin  (Pli- 
ocene), San  Diego  County,  Cal.  Characteristic  of  (he  Fernando  (ormii- 
lion  throughout  the  Coast  Range. 

2.  Pfrten   (Palinopeclm)   hcakyi   Arnold.     U.S.N.M.    154162.     Paratypc.     Lift 

valve;  altitude  141  mm.     View  of  exterior.     San  Diego  formation  (Pli- 
ocene), Pacific  Beach,  San  Diego  County,  Cal. 
164 
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mamlilatos  Gabb,  figure  shovring 

mamillatna  Gabb,  occurrenoo  of 

ffciM  work,  period  and  extent  of 

ngnaroa  Creek,  Fernando  gravel  on,  view 

of 46 

fdlK»n-8anta  Maria  Oil  and  Gas-Escoilc- 

Plnai  area,  description  of 08-99 

Foiamlnlfera,  occurrence  of 39-40 

oUfiom 110 

Ford,  H.  C,  on  burning  of  shale 48 

FfiMlla,  occurrence  and  character  of 28, 

32-33,58-00,110-111 

platea  abowing 126-154 

Foz-Hobbe-Pinal  area,  description  of 96-97 

Fnodflcan  formation,  character  of 27 
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sr  Point,  asphalt  at 78 
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sp.,  occurrence  of 58 
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oil  near 91 
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accuracy  of 9 
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Otology,  bibliography  of 10-14 

columnar  section  showing 26 
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(Lyropecten)    bowersi    Arnold,    occur- 
rence of 32 
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EXPERIMENTAL  WORK  CONDUCTED  IN  THE  CHEMICAL 
UBORATORY  OF  THE  UNITED  STATED  FUEL-TESTING 
PLANT,  ST.  LOUIS,  JANUARY  i,  1905,  TO  JULY  31,  1906. 


By  N.  W.  Lord. 


INTRODIHTION. 


The  experimental  work  reported  upon  herein  was  performed  at  the 
laboratory  of  the  United  States  fuel-testmg  plant  on  the  grounds  of 
the  Louisiana  Purchase  Exposition  at  St.  Louis,  Mo.,  between  Jana- 
ary  1,  1905,  and  July  31, 1906,  and  was  undertaken  for  the  purpose  of 
checking  the  results  obtained  in  the  routine  work  of  the  laboratory, 
improving  the  methods  of  working,  and  investigating  the  chemical  and  v 
physical  properties  of  coal.  The  laboratory  having  been  designed 
primarily  for  the  analysis  of  the  coal  samples  sent  to  the  fuel-testing 
plants  as  well  as  those  tuken  in  connection  with  the  regular  testing 
operations  of  the  boiler,  gas-producer,  and  other  divisions  of  the  plant, 
only  a  ver}'^  small  proportioti  of  the  time  of  the  force  was  available  for 
experimental  work  outside  of  the  regular  routine. 

From  the  nature  of  such  work  it  was  not  possible  to  separate  the 
rei^ults  obtained  in  1905  from  those  obttiined  in  ltK)G,  especially  as 
many  of  the  experiin(»nts,  such  as  those  on  the  alteration  of  coal, 
involved  a  long  time  and  wcro  started  in  1W6  and  continued  to  the 
middle  of  1900.  This  report  therefore  covers  all  such  work  up  to 
its  completion  in  July,  VMH'y, 

The  complete  histoiv  of  the  coals  used  in  these  exp<'riments  is  not 
given,  the  samples  beiiiof  usually  referred  to  by  their  laboratory  num- 
lH?rs  only/  as  such  information  is  genenilly  not  necessary  and  does  not 
aflfect  the  inter])retation  of  the  results  obtained  in  the  experiments. 
Fuller  information  as  to  any  particular  sample  may  be  found  in  the 
published  reports  of  the  fuel-testing  plant  for  1905  and  I90t>. 

In  the  following  pages  the  results  of  each  line  of  experimental 
work  are  given  under  a  sp(»cial  heading  indicating  the  object  of  tha 
investigation. 


6  EXPERIMENTAL    WORK    IN    FUEL   TESTING. 

While  manj'  of  the  investigations  can  only  he  regarded  as  pre- 
liminary, it  is  helieved  that  the  ma&s  uf  the  results  will  be  of  value  in 
shedding  light  on  some  matters  of  general  interei^t. 

ACCURACY    OF   METHOD  OF   TAKING   CAK    SAMPLES. 

The  regular  method  of  taking  car  samples  has  been  fully  described 
under  "  Sampling  "  in  Professional  Paper  No.  4S,  page  175,  To  check 
the  accuracy  of  this  method,  check  samples  on  two  cars  of  coal  rather 
high  in  moisture,  ash,  and  sulphur  wore  taken  at  the  same  time  tliat 
the  regular  sample  was  taken,  by  opening  a  gate  in  the  conveyor  rim- 
way  every  four  or  live  minutes,  and  thereby  allowing  the  contents  of 
one  or  two  buckets  passing  at  that  time  to  be  emptied  into  a  small  bin. 
In  this  way  a  sample  of  1,200  to  1,500  pounds  was  taken  during  the 
unloading  of  the  car.  This  sample  was  then  put  through  a  small 
crusher,  crushed  to  i-inch  size,  and  resampled  at  the  conveyor  buckets, 
and  a  sample  was  sent  to  the  chemical  laboratory  for  analysis.  In  the 
following  table  the  Indiana  coal  was  a  run-of-minc  coal,  and  the 
amount  sampled  was  approximately  ^0  tons;  and  the  Ohio  coal  was 
a  i'Un-of-niine  coal,  and  the  amount  sampled  was  approximately  26 
tons. 


ifnitluTe,  aih,  cmd  mlphir  ddrrminoHont /rom  tamplet  of  Uro  mr«  of 
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analysis  of  this  sample,  and  analysis  of  the  portion  of  the  sample 
reduced  at  once,  are  as  follows: 

Per  cent. 

Portion  sampled  at  once 5. 07 

Portion  .<ianipled  aft<»r  standing  five  days 4. 58 

Ix>8S  by  stan<ling 49 

These  coals  dr\'  down  to  about  I  per  cent  moisture,  so  that  the 
loosely  held  and  surface  moisture  amounted  to  a])out  4  per  cent. 
From  this  experiment  the  moisture  loss  which  occurs  during  the  short 
time  that  the  sample  usually  is  allowed  to  stand  in  the  laboratory 
before  sampling*"  w'ould  appear  to  be  unimportant. 


INVESTI(;ATI0N    of    MOISTUKE    losses    DirUING    SAMPLING. 

In  preparing  the  samples  for  these  tests  the  coarse  sample  (40  to  50 
pounds  in  weight),  when  received  at  the  laboratory,  w^as  divided  by 
quartering.  One  portion  of  500  grams  was  at  once  ground  without 
air  drying  in  the  ball  mill.  Another  portion  of  about  5  to  10  pounds 
was  air  dried  in  the  usual  way  before  the  final  pidverization.  The 
results  (reduced  to  sample  as  received)  in  moisture  and  ash  for  the 
two  portions  are  as  follows: 

MoiiUure  and  ush  determinations  on  air-dried  samples  and  fresh  samples  of  coal. 


I)esignati(Mi  of  sample. 


UeKnIar  sample      Fresh  sample  (not 
(Hirdrietl).  air  dried). 


Moisture.       Ash. 


Illinois. 


Texn-s  No.  4 

Arkansats  No.  s.. 
Indiana  No.  12. . 
Illinois  No. -r.H. 
Illinoi.s  No.  -ja  A 
Mij!souri  No.  <». . . 
Illinois  No. '22  A. 


13. 
13. 


51 
72 


5.19 
10.57 
15.  ()•% 
13.47 
13.  K) 
11.  IM 


10. 
10 
/. 
11. 
II. 


74 
32 
30 
01 
65 


15.  .59 
11  5,{ 
11.71 
13  01 


Moisture. 

Ash. 

o9  3(» 

U.37 

11.92 

10.40 

33  00 

7.65 

3  .5> 

14.15 

9. 95 

.     11.98 

11.7f< 

16.11 

12  43 

11.63 

12  :v^ 

11  15 

115^ 

12. 57 

"This  sjiinplf  \Vii<  ^rtiiirxl  v<r\  line  iii  hull  null,  which  I»ro^)H^»|y  jutouiiI*.  lor  tin*  lo^s  being  K)  large. 

The  results  ohtuiiicd  for  moisture  from  the  original  samples  that 
were  ground  down  without  prelimiiiai\v  air  drying  are  without  excep- 
tion decidedly  lower  than  the  results  obtained  from  the  re^nilarh^  pre- 
pjired  air-dried  samples  when  calculated  to  the  sample  as  received, 
the  greatest  dirt'ereuce  1umii<*-  over  i  })er  ecMit  and  the  average  ditlerenco 
over  li  pvr  cent.  Furthermore,  the  fine  sample,  after  beinjjf  ground 
without  previous  air  drvin^*",  as  show n  hv  experiments  (see  pp.  lH-17), 
<,nves  up  moisture  so  readily  as  to  indieate  that  a  lar^e  additional  loss 
during  the  handliu*^  and  wei^rhinjj^  of  th(»  sample  in  the  laboratory  is 
almost  certain.  The  con.seijuent  errors  due  to  moisture  losses  are 
liable  to  be  so  larjre  as  to  atfect  very  seriously  the  accurac}^  of  tlie 
result**  obtained. 


8  KXI'ERIMKNTAL    WORK    IN    FUEL   TESTING. 

DETERMISAT10>-    OF   KRRORH    l>UE    TO   ABKASION    OF    PEBBLES    USED   IN 


During  the  Louisiana  Piirchur-c  Exposition  thu  tinal  pulverization  of 
the  samples  was  done  on  a  bucking  board.  In  the  work  done  during 
1W)5  the  tinal  grinding  of  the  sample  was  done  in  closed  jars  in  the 
ball  mill,  quartz  pebbles  being  used. 

In  order  to  determine  whether  there  was  danger  of  materially  increas- 
ing the  a»h  contents  of  the  samples  from  chipping  and  abrasion  of  the 
pebbles  used  in  grinding,  these  pebbles  were  carefully  weighed  at  inter 
vals  and  the  amount  of  loss  determined.  The  weight  of  the  sample 
ground  each  time  in  the  ball  mill  is  approximately  500  grams,  and  the 
a)>ra'>ion  of  the  pebbles  (calculated  as  percentage  of  the  weight  of  the 
sample^  ground)  wi.s  also  carefully  determined.  The  results  on  three 
weighed  lots  of  peltbles  iire  us  follows: 


ft  lots,  of  qaarlz  jiehhlrr  Ufiii-r  iiiiii  ul'li-r 

'jFlnil'tng  in  the  ball  milL 

To<»l    1™"*"' 

Kbbl*..  Iu«ih)ii 

b™--l..it. 

iri'iKhtnl 

After        ..,,„„| 

Hallo  Id 

li^oT-ii 

Gramt. 

Uromi.      Oramr 
4.113  11           SB 

"oM 

These  results  show  that  as  far  as  the  tine  pulverization  of  the  coal  is 
concerned,  there  is  little  or  no  danger  of  increasing  the  ash  content 
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to  time  and  the  drying  continued  until  the  weight  remained  almost 
constant.  The  air-drying  loss  of  these  samples  and  the  loss  in  weight 
of  the  corresponding  regular  samples  dried  in  the  dryer,  with  the 
mmomdt  of  moisture  remaining  in  the  dryer  samples,  are  tabulated 
below.  In  most  of  the  samples  the  dryer  loss  is  not  widely  different 
from  the  loss  on  the  air-dry  sample.  Special  exceptions  are  Nos.  1960 
(Indiana  No.  9  B)  and  1390  (Wyoming  No.  6),  on  which  samples  the 
dryer-sample  loss  is  decidedly  larger  than  that  on  the  samples  dried 
by  exposure  to  the  air  of  the  laboratory.  The  samples  dried  during 
the  summer  months  were  exposed  to  air  of  a  high  average  humidity 
(60  per  cent),  as  the  temperature  and  humidity  of  the  laboratory  were 
approximately  that  of  the  outdoor  air  for  that  period.  The  samples 
dried  during  the  winter  mouths  were  exposed  to  air  of  low  average 
humidity  (30  per  cent),  as  the  temperature  of  the  laboratory  was 
decidedly  higher  than  that  of  the  outdoor  air,  with  approximately  the 
same  absolute  amount  of  moisture  present  in  the  laboratory  and  in  the 
outdoor  air.  The  humidity  of  the  warmer  laboratory  air  is  conse- 
quently low.  The  percentage  of  moisture  remaining  in  the  samples 
dried  by  exposure  to  the  air  of  the  laboratory  was  determined  by 
adding  or  subtracting  (according  to  whether  it  was  plus  or  minus)  the 
difference  between  the  loss  in  the  dryer  and  the  loss  in  the  exposed 
sunple  to  the  moisture  remaining  in  the  ^^  dryer  sample,"  as  given  in 
the  table  below: 

KenUis  of  tests  for  moisture  in  samples  of  coal. 


Sample  of  coal. 


Moisture  in  sample. 


Ubora- 
tory 
num- 
ber. 


Lojw  on  eoante 

sample,  as 

dried- 


Field  number. 


A»  re- 
ceived 


By  ex- 

I)Osure. 


In 
dryer. 


After  drying— 


I 


3294 
3265 
3308 
3331 
8406 
2626 
8315 
8295 
2332 
2572 
2420 
3807 
2S28 
2254 
3286 
3405 
1761 
1876 
8225 


1960 
2BB6 
2781 


New  Mexico  N«). .'» 

AlalMtma  No  3 

New  Mexico  No.  a 

New  Mexico  No.  4  A 

Indian  Territory  No.  2  IJ 
West  Virginia  No.  A)   ... 

New  Mexico  No  4  B 

New  Mexico  No  3  A 

West  Virginia  No.  17.... 
West  Virginia  No.  21 .... 

Virginia  No.  1 

New  Mexico  No.  3  B 

Kentucky  No.  f> 

West  Virginia  No.  JOB.. 

Utah  No.  1 

Indian  Territory  .N«»  _•  H 

Illinois  No.  15.'. 

Indiana  No.  6 

Wyoming  No.  6 

Iliinois  No.  22  B 

Indiana  No.  9  B 

Washington  No.  i  B 

Ullnoi8No.20 

IUiDolaNo.23B 

WyomlDcr  No.  6 


V»-  d 

iV  1-  t't. 

Ptr  <•/. 

2. 72 

1  GO 

1  40 

2. 72 

0  :iu 

1  -20 

2  75 

1.4U 

1.40 

2.  7.S 

0.40 

1.40 

2.  SI 

U  «)() 

1.40 

2.  M> 

l.iW 

1.90 

:i  :« 

1  (VO 

1.70 

3.  45 

1.50 

2. 00 

3  k; 

2. 07 

2.  50 

3.57 

2. 24 

2.  10 

4.0C 

2. 5y 

2  40 

4.36 

2.20 

3.00 

i.M\ 

1.77 

2.  M) 

5. 57 

s.m 

1.40 

5.  X? 

2. 30 

2. 10 

t;.  27 

4.20 

4.  IKI 

'.).  i>5 

3. 62 

1.20 

1(».47 

♦i  02 

G.:io 

11   41 

4.10 

3.70 

13.03 

'.♦.  74 

11.20 

I3.:>;i 

7.13 

10.70 

14. :h) 

S.  12 

9.^W 

14. 6H 

11.80 

12. 40 

15.68 

18.98 

13.20 

19.00 

7.60 

11.30 

By  ex- 
posure 
(calcu- 
lated). 

'  J't r  it. 
l.lt 

1.37 
2  40 
i  2.  'S,\ 
0.'J3 
1.81 
>.9S 
1.43 
1.36 

1 .  51 

2.  '20 
'       2.  \i\ 

1.73 
3. 61 
2. 14 

6.  .*»S 
1.73 

7.  til 

3.  52 
6.71 
6. 68 
3.20 
2.08 


Air  of  labora- 
tory. 


In 
drver. 


Time  ofi 
drying 
by  ex- 1 
posure  ' 


Tem- 

I>era 

turc. 


|Uumfd> 
ity. 


1 


ct. 

:y 

1.54 
5.37 
1.40 
1.43 
1  01 
1.71 
1.48 
1.00 
1.50 
1.70 
1.40 
1.60 
1.22 
3!m 
1.11 
6.  OO 
4.  45 
8.01 
2.06 
3.17 
5.20 
2.60 
2.86 


17 
13 
1*» 
14 
lb 
16 
Ih 
17 
11 
12 
\) 

ly 

10 

11 

17 
16 

IS 

14 
21 

Ih 
•♦ 
11 
10 
\^ 


11  1 


\ 


■=-•  c. 

25 
25 
•25 
24  . 
26  . 
21 

2:5 
••<1 

•25  ' 

•25, 
24  ' 

•25  I 
•26 
•27  I 
•27 
25 

•»y 

27 
22 

•23 


-Pt 


\ 


TCt. 

OS 
64 
63 
02 
64 
26 
62 
63 
47 
28 
27 
68 
81 
57 
68 
64 
64 
61 

:«> 

67 

28 

Vs. 


6128— Bull  32H—07- 


o 


II)  KXPKKIMENTAL   WIJKK    IN    tTKL   TEBTINU. 

Thesf  values  ^bow  tbut  on  must  of  the  couls  tested  drying  iii  the 
drier  brought  the  sample  to  approximately  an  air-dry  condition.  No 
effort  had  been  tiiade  to  do  more  than  this,  as  the  primary  object  in 
the  air  drying  is  to  i^o.t  the  sample  into  such  a  condition  that  the  tine 
.'iample  will  not  be  subject  to  large  moisture  changes  during  subsequent 
handling  in  the  laboratory.  The  air  drying,  therefore,  is  not  to  be 
understood  as  being  a  rigidly  fixed  determination;  but  it  h&s  been 
found  that  the  values  obtained  as  a  rule  are  within  a  sufficiently  defi- 
nite range  to  give  this  determination  some  importance  as  showing  the 
effect  of  standing  and  exposure  on  the  percentage  of  moisture  in  the 
coal.  This  matt<'r  is  of  considei'able  commensal  importance,  since,  so 
far  as  the  moisture  content  is  concerned,  coals  having  a  large  air- 
drying  loss  are  obviously  iimch  more  affected  than  coals  having  a 
small  air-drying  loss.  It  further  has  appeared  that  the  amount  of 
residual  moisture  in  the  air-dried  sample  prepared  under  the  descril>ed 
conditions  usually  lies  within  a  range  which  is  somewhat  characteristic 
of  different  kinds  of  coal. 

The  foregoing  table  shows  this  residual  moisture  to  be  about  1  per 
(tent  in  the  West  Virginia  coals,  3  to  C  per  cent  in  the  Illinois  and 
Indiana  coals,  and  from  10  to  12  per  cent  in  the  Wyoming  samples. 

CUMfAiClSOX     OF     Kl'^sn.TS     KUK     .^lUlSTUKK     OBTAIKKD     KKO-M     HAMl'LKS 
l'ULVKRI/,EI>   BY    VARIOUS    ? 


The  possibility  of  moisture  lo>.s  during  grinding  ou  ii  bucking  )>oard 
has  already  Imon  referred  In.  In  order  to  obtain  more  data  ujxtii 
different  coals  and   under  oliserved  conditions  of  temperature  and 
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RetulUtfnr  moitiure  from  coal  samples  variously  pulverized. 


Sample  of  coal. 


Moisturu  in  Hiiniple  from—      Air  of  labontoffy. 


Labon* 
tory 

ber. 


2722 
2744 
2090 
1835 
1«80 
1099 
1702 
1780 
1685 
1689 
ldS8 
1648 
1653 
1661 
1V17 
1802 
1786 
1740 
1761 
1820 
1926 
8447 
S448 
8461 

2m 


2806 
2R19 
1941 
1814 
ISM 
1875 
1881 
2037 
19C0 
1979 
2087 
2759 
8405 

3ior> 

2S2S 

2214 
28d5 
'2904 
•J937 
2912 
3295 
3307 
2aOA 
8315 
3331 
3294 

uni 

2109 
2141 
20S^ 
20rV2 
2310 
2311 
2115 
206.S 
2152 
3102 
3127 
8128 
2784 
2n7 
8199 
»20 


Field  number. 


7  h 


Alabama  No.  3 

Arkaiuas  No.  1  B  . 
Arkanaas  No.  7  A. 

Arkanaas  No.  7  B 

ArkaiUHUi  No.  K 

Arkanflu  No.  U 

BnudI 

California  No.  I 

IlUnoiaNo.  6B 

UUnoiaNo.  7  1) 

Illinois  No.  9  A 

lUinoisNo.  9B 

do 

Illinois  No.  10  

Illinois  No.  11  A 

do 

niinoisNo.  110 

Illinois  No.  HI) 

Illinois  No.  13 

Illinois  No.  11 

Illinois  No.  r> 

nilnoisNo.  ir> 

Illinois  No.  19  A 

Illinois  No.  19  C 

IlUnoisNo.l9D 

...••So 

IUlnoliNd.20 

IUiiiolaNo.21 

Illiool8No.22A 

nilnoIaNo.23B 

Illinois  No.  28 

Illinois  No.  23  A 

Indiana  No.  3 

Indiana  No.  4 

Indiana  No.  5 

Indiana  No.  6 

Indiana  No.  7  A 

Indiana  No.  ft 

Indiana  No.  9  B 

Indiana  No.  10 

Indiana  No.  11 

Indiana  No.  12 

Indian  Territory  No.  2  \i. 
do 

Kansas  No.  ft 

Kentncky  No.  5 

Kentucky  No.  ti 

Marylana  No.  1 

MiHHOuri  No. .'» 

Missouri  No.  <> 

MisHouri  No.  7 

....do 

New  Mexico  No.  3 

New  Mexico  No.  3  H 

....do 

New  Mexiro  No.  4 

New  Mexico  No.  i  .\ 

New  Mexico  No. '» 

OhioNo.l 

Ohio  No.  2 

Ohio  No.  3 

Ohio  No.  4 

OliioNo.5 

OhioNo.9A 

Ohio  No.  9  B 

PennsylvuniH  No. ."»  A  . . . 

Pennsylvania  No. .»  li . . . 

Pennsylvania  N<».  h 

Tennessee  No.  t; 

Tennessee  No.  k  A 

TenniKwee  No.  x  B. 

Texas  No.  3 

Texas  No.  4 

UtahNo.l 

Vligtala  No.  I  A 


Bucking !   „„  „i,,  1   ^["}:*»  I  Temper-  j  Hnmld- 


I 


Pt 


r  Tf  nt. 
1.43 
O.W 

0.  tV.> 
0.94 
0. 7.=i 

1 .  22 
.'».  40 


G.V2 
4.92 


I0..'»8 


2.97 
(i.()f) 
4.22 

5. 24 
<;.  10 
4.74 
6.46 
5.43 
8.98 
4.83 
2.89 
4.42 
4.46 
^14 
2.47 
2.05 
5.19 
4.01 
5.62 
5.70 
5.60 
3.99 
3.80 
2.98 
7.92 
3. 45 
1.70 
l.tV> 
1.71 
l.r,6 
2.  TH') 
1.12 
1.59 
I.OH 

5. 25 
2. 5^1 
1.03 
1.43 


:i3 

5t 
:m', 

10 

•>.  i:t 

5t'. 
25 
55 


S2 
57 


1.27 
1.01 
0.  \r2 
•».  Of) 

2.23 

i.ai 


I'tr  ttrnt. 
1.54 
().s5  i 
0.60 

i.a5 

0.83 
l.ll 
1.95 
9.05 

s.  S9 

4.17  ; 

7.00 

i.in>  I 

4.03 

I2.:t4 

2.79 
2.98 
•  3.11 
2. 42  I 
♦5.30  ' 
3.89 
5. 19 
6.00 
4.61 
6.89  i 
6.01 
3.87  ■' 
6.27  i 
2.60  : 
6.74 
&88 
2.06 
2.86 
2.28 
5.12 
3.58 
5.21 
5.91 
5. 50 
5, 19 
3.17 
2.85 
'<.49 
4.45 
1.44 
1.43 
2.09 
1.('>0 
2.99 
0.94 
1.71 
2.  W) 
7.41 
2. 4M 
1.  IS 
1.  10 

.  O/ 

1.71 
1.40 
1.31 
2. 9t-. 
5.  (.0 
('> 


1 


21 

2.  17 
2.  «i."» 
1.77 
1.  17 

0.  (.1 
1.02 

1 .  l»5 
1.14 
9.  8.S 
9.76 
2.34 
l."0 


/Vr  if-nt.  I 
1.43 
0.69 
0.50  . 
0.87  ' 
0.81 
1.08 
4.80 
.«  7. 28 
7.42 
4.22 
7.48 
5.36 
3.73 
12.35  , 
2.94 
2.59 
2.82 
2.39 
6.01 
3.68 
5.29 
5.84 
4.46 
6.20 
6.67 
8.86 
4.96 
2.67 
6.61 
6.80 
L86 
2.66 
1.93 
4.98 
3.42 
5.00 
5.71 
5.46 
5. 16 

:^.ot 

2. 62 
8. 52 
4.29 
1.34 
1.3S 
1.83 
1. 31 
2.80 
0.99 
1.55 
2.62  " 
7.45  I 
2.28  ' 
1.34  , 
].dA  • 

!.;«  : 

1.61  I 
1.11 
1.21 
2.»v.'»  ■ 
5.  .'7 
r..  15 
l.«U 
l.M 
2.  5<« 
2.  :{7 
1.77 
l.:i> 
(I.  s7 

0.  fis 
l.(»2  . 
8.4S 
M.67 
2.32 


29 
28 
28 
23 
28 
23 
80 
29 
22 
27 
24 
20 
25 
21 
28 
24 
24 
27 
26 
25 
35 
25 
28 
81 
88 


94 

94 
24 
22 
29 

21  I 

21  ' 
27 

23  , 
28; 
31 

19  ' 
31 

24  I 

•:3  I 

22  I 
24' 

24! 

24 

21 

•20 

30 

28 

25 

28 

31 

'M) 

21 

27 

18 

21 

l** 

19 

19 

24 

21 

:;i 

21 
29 
•25 
•23 
21 
•1\ 


PtreetU. 
66 
80 
80 
80 
87 
80 
67 
60 
61 
S2 
70 


60 
S7 
56 
56 
64 
64 
68 
GB 
77 
72 
66 
49 


aHedted  t»n  hours,  wnintura    ■  7.H6;  hen ti 'd  l\irt»t»  hours,  luoVsVutv    ^  ^.vt\. 


SI 
28 
60 
72 

68 

60 

71 

69 

72 

68 

75 

85 

68 

68 

2% 

37 

28 

TO 

25 

81 

88 

87 

57 

65 

65 

48 

47 

67 

75 

72 

?3 

S5 

73 

66 

6*; 

76 

75 

53 

31 

:W 

3:{ 

24 

26 

^\ 


KXPEBIMENTAL  WORK    IN   FUEL   TEeTINU. 
ItaulUifor  moataTt /mm  coal  lampltt  rarioudy  puiverited — Ccmtinued. 


Sample  ot  coal. 

Molilure  ii>  .ample  Irwn- 

Air  of  UboratiKi-. 

^   ■                      Field  number, 
bar.    1 

i:« 

1.43 

il 

-""'"■ 

meah 
■leva. 

Tem^- 

HumKI- 

ItT- 

Per  call. 
lite 

PrriaU. 

1 

•C 
2S 
20 

m 

2S 

20 
29 
22 
20 
IS 

S2 

PertxmL 

2SS6 

Washingion  No.  1 B 

M 

il 

^ 

W«at  Virginia  No.  W 

la 

2131 

SsSsi" 

If 

The  results  for  moistuL'e  obtained  on  the  5-gT&m  portion  of  the 
coarBe  sample,  as  a  rule,  run  from  0.1  to  U.2  per  cent  lower  than  the 
moisture  value  as  determined  upon  the  sample  ground  in  the  ball  mill. 
In  a  few  cases  the  moisture  result  on  the  coarse  sample  is  somewhat 
higher  than  the  result  on  the  ball-mill  sample,  while  in  a  few  other 
cases,  noticeably  the  lignite  samples  from  California  and  Texas,  the 
moisture  result  on  the  coarse  sample  is  decidedly  lower.  This  result, 
as  shown  by  tests  on  sample  1680,  California  No.  1,  may  be  ascribed 
to  the  fact  that  the  moisture  in  a  coarse  sample  of  lignite  is  very 
incompletely  expelled  bj  one  hour's  heating.  An  additional  two  hours 
of  heating  upon  this  sample  resulted  in  an  increased  moisture  value 
of  over  0.7  per  cent.  As  a  method  applied  to  any  and  all  coals,  the 
dott'iTiiination  of  the  moisture  in  the  tine  .sample  jipiAcars  to  Iw  prefei 
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following  heading,  showing  the  rapid  changes  in  moisture  in  coal 
samples  when  spread  on  the  watch  glass,  indicate  that  'there  is  proba- 
bly a  slight  gain  or  loss  of  moisture  in  the  ball-mill  sample  even  dur- 
ing the  short  time  that  this  sample  is  exposed  to  air  during  sampling, 
and  that  this  change  may  be  considerable  if  the  coarse  sample  be  very 
far  from  an  air-dried  condition  before  being  ground  down.  The 
grinding  down  of  samples  in  the  ball  mill  can  not,  therefore,  be  con- 
sidered as  perfectly  satisfactory  in  so  far  as  moisture  changes  are 
concerned;  but  this  method  of  grinding,  in  connection  with  the  pre- 
liminary drying  of  the  coarse  sample,  is  much  more  satisfactory  and 
reliable  than  any  other  practical  method  that  has  been  devised  of 
which  the  writer  has  any  knowledge.  Therefore  it  appears  that  the 
handling  of  samples  in  this  manner,  as  compared  with  the  practice  in 
most  general  use,  is  an  important  step  in  the  direction  of  securing  a 
sample  for  analysis  with  a  minimum  amount  of  unaccounted-for  changes 
in  moisture. 

CHANGES  IN  MOISTURE    CONTENT    OF    FINE    SAMPLES    OF    COAL    UNDBB 

MODIFIED  CONDITIONS. 

• 

That  coal  in  a  fine  condition  changes  rapidly  in  moisture .  content  in 
well  known.  In  order  to  obtain  definite  information  as  to  the  rate  of 
this  change  a  number  of  tests  were  made  on  coals  under  different  oon- 
<litions.  The  first  selection  for  testing  was  a  fine  sample  (No.  1688  C)  of 
nnd^ed  Illinois  coal,  containing  12.4  per  cent  moisture.  One  gram 
of  this  sample  was  spread  out  on  a  4-inch  watch  glass  and  weighed  at 
intervals,  a  record  of  the  temperature  and  humidity  being  taken 
at  the  time  of  the  different  weighings.  A  second  series  of  tests  was 
also  made  on  a  10-gram  portion  of  this  sample  spread  upon  a  4-ineh 
watch  glass.  A  third  series  of  tests  was  made  upon  another  portion 
of  this  sample  (17.2  grams)  by  allowing  it  to  stand  in  an  open,  wide- 
mouthed  2-ounce  bottle  and  weighing  at  intervals.  The  results  for 
these  three  series  of  tests  are  as  follows: 

(%ange»  in  inoiMure  content  of  mmple  {No.  16S8  C)  of  undried  Tllinoijt  coal. 
FIRST  SERIES—!  (tRAM  ON   4-INCH  WATCH  GLASS. 


Time  inUT\'Hl  betwtH'ii  \voiKhinK>«. 


5  minutefl . 
5  mlnuten . 
16  minute** 
llhoun... 
24  hours. . . 
24  houra. . . 
aShoun... 
IShoun... 
UMhonn.. 
IBdftys 


Loss  or  Kftin  in 
weight. 


Air  of  laboratory. 


Orarmi. 
-0.02U2 

-  .0075 

-  .0090 

-  .0110 

-  .0350 

-  .0120 
+  .0140 
+  .0060 

-  .0127 
+  .0007 

tfdays I     -  .0176 

Totel  lOH  in  72  da7« .\ 


Tempera- 
ture. 


/Vr  cent 


Humid- 
ity. 


EXPKRIMKNTAL  WORK    IN    KIlKL   TK8TIN<i. 

«l.-rir,ml.i-i'j/:,.,m/^f  (.\'o,  1'i.ifff)  uj  uiiilrieti  Wv*»..«  .■,!.(/— (onliiiuwl. 


t|  iKHin... 


8UlT«IwilllK1--MI 

8lirrMlwith»i""in 

niirml  Willi  hih: 

■'" 

titlrn-il  with  kjn: 

15di.y« '. 

Mlrreil  Willi  Dix: 

I^::::::' 

Total  low  In  T'J  111 
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Ckangea  in  moiMttre  ronteiU  of  mmple  {No.  16S8E)  ofundried  Illinois  coal — Contmued. 

SECOND  HEKIES— 10  CiRAMH  ON  8-INCH  WATCH  GLASS. 


I 


Air  of  Uboumtoiy. 


Time  ixiterVHl  between  M'eiKhlnKs. 


6  minutes.. 
Smlnates., 
15  mlnate* , 

Uhoun 

214  hours. . . 
2l|  hoars. .. 

25  hoars 

fihoum 

KM  hours. . 

15  days 

48  days 


-0.0518 
.0270 
.0530 
.2180 
.2000 
.1937 
•-  .06V2 
-  .0095 

-  .a.V)0 

-  .0590 

-  .0870 


Total  hiNi  in  72  t\n\'^ 


aiu  111 
ht. 

Tempera- 

Homid- 

tore. 

Ity. 

l*fr  trnt. 

°r. 

PeremL 

0. 52 

25 

» 

.27 

-  .58 

-2.  IH 

25 

48 

-2.0O 

24 

m 

-l.W 

28 

86 

T  .«9 

25 

68 

-  .095 

18 

64 

-  .55 

27 

85 

-  .59 

82 

41 

-  .87 

32 

56 

8.67 

THIRD  SKKIKs-ll.:.  «iHAMs  IN  (H'KN.  WIDK-MOl'THED  2-0i:X('K  BOTTLE. 


10  mlnatei« 

14  hours 

S)  hours 

21  hours 

Stirred  with  kikwu. 
24  boon 

Stinrad  with  spoon. 
Stthoun. 


-0.003 

-  .0135 

-  .0310 

-  .0890 

-  .0020 

-  .0995 

-  .0025 

-  .0660 


I 


8Uned  with  spoon -  .0015 

boon. —  .06Sffi 

Btlmd  with  qxxMi -  .0010 

UMboun '  —  .0675 

Btlfved  with  spoon t  -  .0015 

X5dAys '  -  .2588 

Btirred  with  ftpoon -  .0010 

-•Sdays -  .OfiOO 

Total  low  in  T2  day* 


-0.02 

-  .09 

-  .23 

-  .!» 
--  .01 

-  .68 

-  .02 

-  .56 

-  .01 
-•  .42 

-  .01 

-  .60 

-  .01 
-L71 

-  .01 

-  .35 

5.3.3 


'to 


61 


24 

66 

28 

86 

26 

« 

«■ 

64 

• 

27 

H 

82 


41 


Other  experiiiionts  wen*  likewise  performed  on  a  similar  sample 
(No.  1639 C)  of  Illinois  coal,  which  conbiined  4.12  per  cent  moisture, 
although  the  coarse  sample  had  been  well  air-dried  before  the  prepara- 
tion of  the  fine  sample*.  The  changes  in  weight  in  the  l-gram  sample 
spread  on  a  watch  glass,  in  the  iO-gram  sjimple  spread  on  a  watch 
glass,  and  in  a  portion  (8.3  grams)  allowed  to  stand  exposed  in  an 
open,  wide-mouthed  :^-ounco  bottle  w(»re  as  follows: 


CJiniifft'n  hi  nn)i^turr  nnttait  of  mam  pit'  (Sn,  iCSDi')  of  iiril-flried  Illinois  roaL 
FIRST  SKKIES— 1  ^JKAM  (»X   l-INTH  WATCH  r;LASS. 


.\ir  of  luTioratory. 


Time  int«Tval  ImMwim-h  \v«*ii.'hinjrs. 


Lfws  or  larain  in 


tirnmn.       Ptrcent. 


b  minuteft -u.  oo'J3 

5  minutes .  00-J'> 

15  minuter -  .  W>r> 

2i  hours -r  . 004") 

23hour8 +  .0135 

2da3r8 +  .0070 

4daTS -  .0170 

Udays +  .0060 


TotMl  loss  in  21  (InyH 


r 


-0.93 
.25 
.15 
+  .45 
+1.35 
+  .70 
-1.70 
+  .40 


Teinpeni- 
liire. 


2h 


Humid- 
ity. 


Per  cf.ni. 


3i\ 


25 
18 
27 
32 


63 
64 
35 
41 


A 


Q.^& 


\' 


\ 


Ifl 


KXPKRIMKNTAL  WORK    IN    FFKL    T>»TINO, 


IM>  HKKIKK— lu  liKAMS  < 


>C)  o/m-U-drifl  J/«h™ "-./—( ^ontiniie.1. 
V  4-lNCH  WATCH  Hl.ASS. 

I    Air  of  iBbonlory. 
I.  I  Temp«m-  '  Haml<1- 


-(I.OltO 

-0.  9                    an                 Wi 

i  --sis 

-  ,  7S   

1  i;r 

1        -.tt«0 

"I          I       1 

+  .(lOMi     +  .00 

«i           m 

'  --S  -  -n 

■^1           t? 

An  inspoi'tiuii  of  thnftt  results  fiIiows  that  in  sauiples  of  fine  coal 
prepaid  from  coal  not  prcviotisly  air  dried  the  lass  may  be  rapid, 
being  in  it  l-frmni  portion  of  nndried  sample  over  :2  per  cent  in  live 
minutes  and  over  S  ptn-  cent  in  twenty-four  houns.  That  tiamples  kept 
in  IxJttlcH  nmy  lase  a  fonsiderablo  amount  of  moisture  iniless  tightly 
stoppered  in  also  shown  by  the  resulttt  obtained  from  weighing  the 
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As  might  be  expected,  the  rapidity  of  gain  or  loss  is  greatest  in  the 
l-gram  sample  and  least  in  the  .sample  kept  in  an  open  bottle.  A  com- 
parison of  these  losses  after  seventy -two  days  on  the  undried  samples 
shows,  however,  that  even  in  that  time  the  loss  on  the  l-gi'am  sample 
is  decidedly  in  excess  of  that  on  the  lO-gram  sample,  and  about  twice 
that  on  the  sample  in  the  open  bottle.  This  result  would  lead  to  the 
inference  that  the  cliange  in  weight  is  not  due  entirely  to  moisture 
losses,  but  is  influenced  more  or  less  by  oxidation  changes.  That  such 
is  the  case  is  shown  by  the  results  of  tests  of  the  gain  or  loss  in  weight, 
from  time  to  time,  of  fine  samples  kept  in  tighth^  stoppered  botUes, 
moisture  detenninations  being  made  at  the  same  time  to  iSnd  out 
whether  the  amount  of  moisture  present  in  the  sample  varies  with 
the  change  in  weight.  These  tests  are  described  under  ^^Alteration 
of  weight  of  samples  of  eoul  when  kept  in  a  finely  powdered  state," 
pages  19-2'J. 

COMFAKISON    OF     KFFECTS    OF     DIFFKKKNT    DKYINO    UKAGENT8    USED   IN 
THE   DKST(X?ATORS   KMPLOYFl)   IN    MOISTIKK    DKTEKMINATIONS. 

In  the  determinations^of  moisture  made  during  the  Louisiana  Pur- 
chase "Exposition  and  during  the  earlier  part  of  1905  duplicate  results 
often  were  not  as  close  as  was  desirable.  This  lack  of  agreement  was 
found. to  be  due^  in  part  at  least,  to  the  use  of  calcium  chloride  as  a 
drying  reagent  in  the  desiccators  in  which  the  line  samples  of  coal 
were  allowed  to  cool  after  ihying  at  105-  C,  as  may  be  seen  fi'om 
inspection  of  the  following  table  giving  the  values  obtained  over  con- 
centrated sulphuric  ucid,  fused  calcium  chloride,  and  gi*aiuilar  calcium 
chloride. 

Certain  values  from  samples  allowed  to  stand  overnight,  which  are 
marked  with  a  star  (*),  were  ondiiferent  gram  portions  of  the  sample. 
The  values  given  for  the  other  determinations,  weighed  as  soon  as 
cooled  and  weighed  after  stiinding  in  the  desiccator  overnight,  are  on 
the  same  weighed-oiit  ])ortio!is  of  the  sample,  which,  as  soon  as  weighed 
the  fii"st  time,  were  put  back  in  the  desiccator  and  allowed  to  stand 
imtil  the  next  day  and  tli(»n  again  weighed.  The  values  o\  (»r  sulphuric 
acid  are,  as  a  rule,  about  one-tenth  of  1  per  c(»nt  lower  on  the  sample 
after  standing  ov^MMiight,  but  this  result  can  ])robably  be  accounted 
for  by  the  small  amount  of  moisture  whi<h  might  be  taken  up  by  the 
sample  during  the  time  re(|uired  for  making  the  lirst  weighing. 
612H— Bull.  :V2'A—(): :{ 


EXPERIMENTAL  WORK    IN    FtlEL   TESTING, 


.VvittuTK  ddenmiu 


It  obtained  hii  the  uk  of  different  drying  reagtut 


__  ..        . 

(   iS}- 

( 

3!«> 
S.86 

S.W 

.M*. 

7.19   .... 
4.«0    .... 

1- 

4.80 

ISSSS?" 

■-1    \i 

1.80 

i-n 

191 

*-5L. 

^:T.. ' 

^1 

7.Wt 

V^\ 

!:S 

iS.St  1. 

ii^ 

3.M 

3.S8  1 

tiir  "vpriilghi 

t 

ndianTFiTlWry 

KfSS 

^J ; . 

u  noon  aa  cooled 
fterMBiHllngin 

mliTu 

The  valuer  obtained  over  both  granular  and  fused  calciiiTii  chloride, 
jwhere  the  sample  wa.s  weighed  as  soon  as  oooled,  are  but  little  lower 
than  the  values  obtained  over  sulphuric  acid;  but  the  values  from  the 
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MoiiAure  determinations  on  Illinois  coal  (percentages). 


Details  of  treatment. 


I-Kram  ,  1-gram 
sample.  ;  sample. 


after  15  minuteit'  heating  at  100°  t(»  107® 

Additional  loss  after  another  15  minutes'  heating  ut  ICN/'  to  107° 

Total  lOHS  after  30  minuteV  heating 

Additional  lost  after  heating  anotlier  M)  minutes  ut  luu°  to  107-^. . ! 

Total  loss  after  I  hour'n  beating 

Gain  in  weight  by  standing  um'overe<l  41  houre 

Total  luB  after  boating  another  30  minutef;! 

Qaln  In  weight  after  standing  41  hour«<nnd  reheating  as  eomimred  uith 
the  Talne  at  the  end  of  i  hour's  heating 


8.42 
.84 
9.26 
.06 
9.3*2 
3.68 
8.86 

.46 


6.65 
2.fi2 
9.27 
.16 
9.48 
3.68 
9.20 

.28 


2^rnm 
■ample. 


S.M 
&?0 
8.M 
.48 
9.87 
S.G6 
9.27 

.10 


Mointtirc  thtennuuition»  on  ludinua  coal  [percentages) . 
hetails  of  treatment. 


after  80  minutes'  healing  at  105° 

Loea  after  heating  another  30  minutes  at  105° 

Total  lofls  after  1  hour's  heating 

Gain  in  weight  by  standing  uncrovered  20  liours 

Total  loss  after  heating  another  hour  at  10o° 

Gain  in  weight  after  20  hours'  stniuiing  and  1  hour  m 

reheating  compared  with  w«?ight  after  Jirst  hour's 

heating 

Gain  in  weight  by  standing  uncovered  120  hours 

Total  lorn  after  heating  another  hour  at  10.5° 

Gain  in  weight  compared  with  weight  after  the  first 

hour"!  heatinff 

Gain  in  weight  by  standing  uncovered  24  days 

Total  lorn  after  another  hour's  heating  at  lOn^ 

Qaln  In  weteht  compared  with  weight  after  flr»t 

hoDi*!  heaolng 


i-gram 
sample. 


5.  n<) 
.01 
5.,M 
3.41 
6. 20 


1-gram 
bample. 

5.  (JO  to  5. 58 
.Wto  .04 
r>.JW  to  5. 62 
:i.  43  to  :t.  35 
5. 46  to  5. 37 


2gram 
.sample. 


.M  .23  to    .25  i 

3.  Oti  3. 12  to  2. 95 

4. 90  6. 14  to  5. 10 

.64  .54to    .52 

3.70  .  8.62  to  3.58 

4.'20  i  4.60to4.fl2 


5. 62  to  5. 61 
.07  to  .02 
6.69to5.<V3 
3.41  to  3. 35 
5. 53  to  5. 48 


.16  to  .15 
3. 15  to  8. 11 
5. 19  to  6. 17 

.50to  .46 
8.68toS.Al 
4. 72  to  4.  TO 


4-gnun 
sample. 


1.84      l.OBtol.OO       .97to   .98 


A.  49 
.15 
5.64 
8.84 
5.66 


.09 
8.12 
5.21 

.48 
8.46 
4.77 

,91 


These  results  show  that  practically  all  of  the  moisture  is  expelled 
from  coals  of  these  kinds  during  the  first  thirty  minutes,  and,  further- 
more, that  there  wa£>an  appreciable  amount  of  oxidation  in  the  sample 
during  standing  or  from  reheating.  For  short  periods  this  oxidation^ 
value  in  these  experiments  was  apparently  a  surface  reaction,  depend- 
ent on  the  surface  exposure  of  the  sample  and  not  on  the  amount. 
The  samples  were  all  weighed  out  in  porcelain  crucibles  of  the  same 
size,  and  the  amount  of  sample  directly  exposed  was  pi*actically  the 
same  in  all.  In  this  case  the  percentage  effect  of  equal  oxidation  on 
the  Illinois  sanipl(»s  would  })e  in  the  ratio  of  4,  2,  and  1.  The  gains 
actually  determined  at  the  end  of  41  hours  were  0.46,  0.2Ji,  and  0.10 
per  cent,  respectively,  which  are  very  close  to  this  ratio. 

On  the  Indiana  sample  the  gains  for  oxidation  at  the  end  of  twenty 
hours  were  0.34,  0.24,  o.  1 T),  and  o.o<>  per  <ent,  respectively.  At  the  end 
of  twenty-four  days  the  percentages  of  gain  on  the  different  amounts 
are  more  nearjy  the  sami*.  but  the  gain  is  still  greatest  on  the  ^-gram 
sample  and  least  on  the  4-gram  sample,  the  gains  on  the  four  amounts 
taken  l)eing  1.S4,  1.<>1,  o.!»r>,  aiul  O.ST  pt»r  cent,  respectively. 

ALTERATION     OF    WKKJllT    OF    SAMPLKS    OF   COAL    WIIKN    KKrr    IN    A 

FINKLV    rOWDKIJKI)    STATE. 

In  order  to  investigate  the  question  of  the  extent  of  altenition  of  the 
samples  when  kept  in  a  tinely  powdered  condition  as  prepared  for 
analysis,  portions  of  a  number  of  such  sampler 'wetvt  ^wV\v\\«^\^^ 


2(t 
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bottles,  which  were  securely  closed  with  rubber  stoppers.  These 
bottles  nert  kept  in  the  laboratory  und  weighed  from  time  to  time. 
Moisture  determinations  were  oiade  on  {Hirtion^i  of  the  sample  at  the 
time^  of  the  weighings,  allowance  being  made  for  Uie  portions  removed 
for  this  purpose.  The  following  table  gives  the  percentage  of  moisture 
originally  present  in  the  sample,  the  percentage  of  gain  or  loss  in 
weight  at  the  several  weighings,  »nd  the  time  interval  between  the 
weighings;  also  the  total  time  covered  by  the  experiment: 


AUfralwiio/  uright  <>/ ^ntin ymiiered  lyxil. 

S.mple..t™l. 

iboni- 
loty 

bur. 

If'I,'?       <h«M«lQ 

113,-i     I 

ninulxNri.9 

1    PtrermL    j 

ACTBRATION   OF   WBIOHT  OP  8AMPI>B8. 
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AUeraHati  of^veigfU  of  finely  pov^drrtd  coal — Continued. 

[Minus  flign  denutett  low.] 


Sftmple  of  coal. 

Dayn  be- 
tween 
weighing 

I 

IChangGin 
weight. 

1 

,    lYr  rtnt. 

Ubon- 
jJJJ,                                         Field  number. 

Xoirtiire 
det«nDliui- 

tiOD. 

M2 

1 

Ohio  No.  5 

FereemL 
l.W 

9 

IM 
149 
108 

.22 
.22 
.40 
.13 

■ 

2.49 

284 

.97 

.     .44 

2131 

1  Wyomlnir  No.  2..l 

4.85 

2 

I 
24 
7 
13 
28 
.'« 
107 

.04 
.06 
.18 
.10 
.09 
.00 
.06 
.02 

t 

4.55 
4.46 

269 

.55 

-.W 

220 

North  DakotH  N<».  3 

■  ■ 

26  64 

4 

.       3 

7 

48 

28 

55 

107 

".OS* 
.08 
.08 
.28 
.07 
.16 

-.05 

• 
■ 

itii 

85.84 

247 

.67 

-L8D 

2275 

WyomlnK  No.2  B 

6.87 

o 

7 
43 
28 
55 

.05 

O) 

.13 

.02 
.06 



6.15 

135 

.31 

-.22 

2278 

Wy<»niinK  N«>.  :< .  ... 

12.68 

2 

1 

43 

2S 

•Vi 

107 

212 

.09 
.22 
.68 
.15 
.3H 
.26 

, 

1 

1 

ii.'w 

11.81 

1.78  1 

-.78 

22f»5 

North  Dakota  \<».  :i 

12.62 

2 

.'> 
AS 

2S 

An 

.17 

.M 

.15 

16 

i2.*86 

• 

.H4 

.24 

271H 

1VXH.H  No.    4 

33.00 

(i 

12 

21 
.0.1 

:h.'87 

M 

-.13 

2S2S 

Mn.Hsiu»hust»n»;  iM-at 

13.60 

s 

13 

3 

103 

.07 

.00 
-.72  . 

. 

i3.'72 

13.16 

127 

-.56j 

.-.44 

22 
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WitliDUt  exception  thesesuiuples  all  iiicreii:ied  in  weight  upon  stand- 
ing. At  the  same  time  the  moi.sture  values  usually  decreased.  The 
gain  in  woijfbt  is  to  be  ascribed  to  oxidation,  and  the  decrease  in 
moisture  either  to  actual  loss  or  to  fixation  of  a  portion  of  the  diols- 
turt*  present  hv  the  oxidation  changes.  If  the  moisture  loss  be  con- 
sidered as  an  actual  est^^pe  of  moisture  from  the  sample,  the  total  gain 
due  t<>  oxidation  is  equal  to  the  ohser\~ed  gain  plus  an  amount  equal  to 
this  moisture  loss.  The  table  l)eU)w  gives  the  total  oxidation  change." 
considered  on  this  busis.  together  with  the  origihal  and  tinal  calorim- 
eter determinations  on  some  of  the  samples,  also  the  loss  in  caloritic 
value  in  exi-ess  of  that  due  merely  to  changes  in  weight  of  the  sample. 
For  purposes  of  coinpctrison  the  amounts  of  moisture,  ash.  and  sul- 
phur present  in  the  sample  are  also  given. 

!•.'.-  ..■,.if,,,;y...r...,>,(.i(i"...   iiiVtV*-  ■hi'-.,  nc'iof-".  ■!•/.,  au-i  fifAur. 
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DETERMINATIONS  OF  SPECIFIC   GRAVITIES  OF  THE  COALS. 

Two  detenninations  of  specitic  gravity  were  made  on  a  number  of 
lumps  about  1  inch  in  diameter.  The  first  determination  was  made 
apon  a  number  of  specially  selected  lumps  representing  as  clean  coal 
as  could  be  picked  out,  carefully  avoiding  i)ortions  contaminated  with 
slate  or  pyrites;  the  second  was  made  upon  a  number  of  lumps 
selected  to  represent  the  average  quality  of  thi)  coal  as  nearly  as  could 
be  expected  in  pieces  of  this  size.  The  determinations  of  each  kind 
were  made  (in  duplicate  and  sometimes  in  triplicate)  with  a  large 
Ificholson's  hydrometer  designed  for  use  with  the  coke  samples  and 
<Apable  of  handling  1,000  grams  of  coal.  The  following  table  gives 
the  results  on  the  two  kinds  of  lumps.  For  ease  of  reference  and  for  ' 
comparison  the  determinations  of  ash  and  sulphur  on  the  car  samples 
of  each  coal  are  also  tabulated. 


Deter  HI  iuatiuiig  of  tisfij  sulphur  j  and  specific  grainty. 


DmiKiiation  nf  cohI  »Hinple<I. 


Na.2B 

No.  8 

Alatem«No.4 

AifcuMMiNaVA 

Bnsil  ••..•••... , 

nUiiolsNo.l9B 

DliDolsNaSSA 

IUinoisNo.25 

Illinois  No.  26 

lIlInotaNo.27 

Indiana  No.  5 

Indiana  No.  ti 

Indiana  No.  7  A 

Indiana  No.  8 

Indiana  Na  9  A 

Indiana  No.  9  B 

Indiana  No.  10 

Indiana  No.  11 

Indiana  No.  12 

Kansas  No.  6 

Kentucky  No.  1  B 

Kentucky  No.  5 

Kentucky  No.  t> 

Kentucky  No.  7 

Marylana  No.  1 

Missouri  No.  H 

New  Mexico  No.  3  . . . 
New  Mexico  No.  4  A . 
New  Mexico  No.  .*>... 
North  Dakota  No.  1  K 
North  Dakota  No.  :i . . 
OhioNo.l 


OhioNo.2 

OhioNo.8 

Ohio  No.  4 

OhioNo.5 

OhioNofi.  6  A.OB 

OhloNo.7 

0hioNo.8A 

Ohio  No.  9  A 

OhtoNo.9B 

Pennsylvania  No.  1  . . 
Pennsylvania  No.  5  \ 
Pennsylvania  No.  5  B 
Pennsylvania  No.  6  . . 
Do 


P^Dsylvanla  No.  7  A.  7  B 

Pennsylvania  No. « 

Pennsylvania  No.  9 


<^Hr  sa 

niple. 
Sulphur. 

Speciflo  gravity. 

A»h. 

Selected 
Inmpi. 

Aveactt 

lamps. 

14.W 

1.12 

1.88 

L87 

14.86 

.W 

1.80 

1.88 

12.92 

1.08 

L2B 

1.88 

11. « 

2.08 

1.88 

l.M 

21.98 

2.72 

1.87 

1.40 

9.86 

.91 

1.81 

1.88 

ll.iVS 

4.41 

1.22 

1.26 

13.40 

4.76 

1.26 

1.80 

12.09 

3.51 

1.22 

1.81 

13.77 

4.05 

1.24 

1.28 

10. 8K 

4.27 

1.28 

1.42 

12. 02 

4.39 

1.26 

1.89 

9.21 

3.74 

1.27 

1.40 

10.61 

8.72 

1.29 

1.80 

10.80 

3.27 

1.25 

1.86 

10.76 

3.15 

1.25 

1.33 

8.67 

3.83 

1.24 

1.29 

8.14 

1.41 

1.26 

1.80 

11.65 

3.87 

1.26 

1.82 

15. 72 

3.72 

1.23 

1.84 

3.37 

.H8 

1.27 

1.40 

3.  70 

.67 

1.29 

1.80 

2. 7t; 

.57 

1.27 

1.28 

9.  18 

3.60 

1         1.31 

1.44 

13. 13 

1.-I9 

1  36 

1.41 

11.74 

:>.  00 

1.21 

1.86 

10.67 

.73 

1  29 

1.37 

14.57 

01 

l.;W 

1.39 

14.57 

.09 

1.31 

1.85 

11.42 

3.54 

1.25 

1.44 

7,  75 

1  16 

al 

.22 

u  y:> 

4  61 

1.29 

1.35 

11.33 

4.02 

1.81 

1.86 

11 .  5S 

l.Sl 

1.30 

1.88 

('.  12 

:;.47 

i.;w 

1.89 

7.  30 

1.72 

1  29 

1.33 

*<.  r>2 

3. :« 

I          1.29 

1.35 

(k  37 

•1.  10 

1.30 

1.34 

S.37 

2  SI 

1.30 

1.42 

S.  29 

3  l.S 

1.29 

1.31 

1 1 .  93 

3.3.=) 

i.:io 

1.36 

10.  11 

1.20 

l.:iO 

1.35 

0.U2 

1.20 

l.W 

1.31 

o.a5 

.88 

1.28 

1.83 

13.00 

1.95 

1.30 

1.83 

12.52 

1.94 

1.30 

1.88 

12.47 

2.08 

1.33 

1.41 

6.63 

.94 

1.31 

1.86 

11.88 

2.Qi 

l.«R 

i           \.«4 

a  No  diatlnction  made  between  clean  or  selected  \um^  muiV  a^en^^  Xxnuy*^ 
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<ifa»li,  eiilphiir.  and  g]>ecijif  t/rarily —VontiniKtd. 


Virginia  No.  I  A 
Virginia  No.  1  B 
Virginia  No.  2  B 


SpwiBc  gtaviljr. 


We-l  V  i«lnin  No.  13 

Won  V  rglnlaNo.  U 

WMt  V  Kinia  No.  lA 

WwtVrglnlaNu.  MA... 
Wc«tVTBliiiaKo.ieH... 

Wert  V  tslniii  Nil.  17 

WM  V  mlDh  No.  14 

WcMVnrinliiNo.  I» 

"■-  -VnrinlaKo. at..    . 
VntinlaNr.  :;: 


Wei^Vn 


Wrodiliitl  No.  3  It 
V^-nmlnK  Ni'-  3  - . 
WjmminKN".  4 .. 
Wyomind  So. ' 
Wyomlnn  No, 


It  is  obvious  from  ths  forejfoing  table  that  tho  .-^iiecitii'  gravity  of 
the  lumps  of  coal  is  considerably  HtTected  by  thf  amount  of  impurities 
containeti.  Even  tbe  selected  himps  weie  not  free  from  a^li  and  sul- 
phur. si»  tliat  it  is  not  possible  to  obtain  tho.true  specific  jfravity  of 


Sl'ECIFlC    ORAVITY. 

1-85  Specific  yriivity  with  the  coal  that  sank.  Each  proiliut  was 
mshed,  air  dvietl,  and  analyzed. 
The  results  are  given  in  the  following  table.  Column  1  gives  the 
itage  that  tlie  amount  of  coal  in  each  grade  of  tincae^ij  forms  of 
itii-e  sample  treated;  column  2,  the  percentage  that  the  amount 
t  ooal  in  each  class  separated  by  gravity  forms  of  the  amount  in  ila 
^rade  of  fineness,  and  column  3,  the  percentaige  that  the  amount  of 
eoal  in  each  class  forms  of  the  entire  sample.  Column  4  gives  tha 
determination  of  the  ash  in  each  class,  expressed  as  a  percentage  of 
tbe  amount  of  coal  in  the  class;  column  5,  this  determination  of  the 
ash  expressed  as  a  percentage  of  the  entire  sample  of  coal,  and  columns 
■^  and  7  give  the  same  percentages  for  the  sulphur.  The  totals  of  the 
Insults  for  ash  and  sulphur,  in  columns  5  and  7,  should  obviously 
equal  the  ash  and  sulphur  determinations,  respectively,  ia  the  original 
coal,  which  are  printed  below  them  for  purposes  of  comparison.  The 
<lifferences  are  due  to  unavoidable  errors  in  the  work  and,  in  sorao 
«3ase6,  probably  in  part  to  the  presence  of  sulphates  extracted  In 
"vrashing. 


JhnpuririM  II 


»  relnlrd  to  diffrrmt  yradn  ofjitu; 


J  tptKific  y«in(y. 


UectHialraldtitrlbultonei 

""s; 

D[«liln 

Amnant  M  gulphur 

Ondennddutufvuiil. 

inssi 

A,nom,U|.«..t. 

ccmJ  ill 
Ibpclun 

i 

cell  I  or 

i 

J. 

"'^xr 

3. 

^ 

';!a 

» 

V.M 

' 

im.oo 

""'*Ss;s>- 

[7,10 

n.ia 

U.if, 
3.W 

i.an 

l.IU 

ill' 

■,n,r 

•^£s"F 

3.H 

>18S 

n  so 

L>3.3S 

.1 

i.Uia  .4ft _ 

AboTB    ,6S 



12  K 
1»,C<1 

-- 

^^^iV^^'^'~ 

l-MO 
8,  IB 

100.  M 

11. a) 

l.SO 

S»7< 

'.K 

»- 

n.v> 

lor.ii 

]«.ss 

3K.rtt 

\v^i^ 

1 

"Sp.  gr.  otntertg 

all.  323—4)7—4 
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Mechan 

™™;""""'™ "' 

Amount  or  a.'h  III 
each  c1«.. 

*"r«ehVi™*'"' 

tJmde  rnifl  tl»™  of  ami. 

otlnuit 
gmde. 

Per  cent  j  Per  cval 
of  iUownot  entire 
grade.    |  umple. 

th™iB» 

wimple 
ol  co»1. 

theclMt 

e*e'„ro'r 

1- 

2. 

...'■ 

1S.<T 

1J,» 

:■ 

2.00 

7. 

fi.M 

?^S 

o.m 

O.-0 

S.70 

100-00 

spetlrtcgmvllj'— 

B1.40^       2J.10 

4.^ '       yet) 

1110,00  1       93.30 

lli 

25!  (U 

1.894 

■ 

i.Oi 

.«9 

tl,% 

""ffilS^Jr 

Ij  i 

- 

1.J10 

i% 

.2W 

liSiVite 

.OSS 

,..» 

Sperilip  gmvity— 

38!  10        'aim 

r,.4b 

U.lfi 
■J5.WI 

i:o7 

2.411 

j-3ft}"j« 

.060 

Toitt] 

119.  HO 

99. 1» 

— — 

Nil.  -aat 

I'KSSSVI-VASIA 

so.  <■.!■ 





Impuritia  in  coal  n» 

SPECIFIC    GRAVITY.                                                  9? 

«™deiindfl«»or™l. 

moonjo^ 

Amount  of  eulpbur 
It)  BHCh  elM. 

cool. 

Percent'   -*"'""' 
1,                  2. 

[>[  Kniire 

"-"'■■ 

thTclM. 

4S 

s 

4. 

5. 

e. 

10.  as 

":!8i 

3.« 

l.S» 

1.7S 

'a 
■a 

:8io 

,Ma 
!a(i> 
■  m 

earn 

».™ 

j^ 

■Jids 

:» 

'.■0.90 

,1 

fflMGlHc  Rnvitr— 

II    f 

"womT 

^==^=^= 

Speciac  gravity— 

w.M        aa.w 
1.T7         i.as 

l.!tl    ,             .80 

n.n  1       1.26 
IDD-DOi      n,u 

«cs> '     ».«a 
H.ia        i!«i 

S.T9|         I.W 
IDCI.M  j       M.« 

23!  89 
«».16 

i.sTn 

.187 

'.tta 

l.W 
'.■tM 

.sua 

I«to1.» 

Bnm                               ^ 

M.sa 

^"sE^e:::: 

!M.B!i 

H.TD 

?:r 

D|UU 

NO.  2HB,  WYOMINO  NO.  8.* 

^•Cio  « 

i.ju!      l^» 

■^t 

lint 

l!:r 

,i:3 

4.H 

Fl       •)!    10 

„.» 

"^SiTSr 

,            AbOYOl.35 

■      Sum 

iUdl„™.10W4 

■■""»:»■ 

26.M           'J.W 

100.00  1      11. w 

:  '"-^"n'di;","^^- 

W.BT   1           6.7S|         O  W. 
100.00  1        W-IU  1 

Sum 

51.  s.^ 

BpwlOegraillj- 

30.36 

»8  30  '        r,.u 

tar 

WW 

sy.«s 

«.w 

».w 

"Sp.Bt. 

or  AvciBgD  lUiDia.  1.81:  0(Ml« 
of  Bvenifn!  tiimiw.  \.W;  u' 

cWAVratspi.Y.'tt- 

j 

Sy  EXPKREMENTAI.  WORK    IS    tUEL    TESTING. 

An  cxamiimtion  of  the  tiguies  in  the  foregoing  table  showa  the  very 
rapid  increase  in  impurity  of  the  coal  with  iniTease  in  speeiiic  gravity. 
The  liner  the  coal  is  crushed  the  more  complete  would  be  the  mechan- 
ical separation  of  the  heavy  Impurities  from  the  coal,  but  the  behavior 
in  this  respect  evidently  varies  greatly  with  different  coals.  Id  the 
Brazil  coal  the  sulphur  is  nearly  the  same  in  all  the  coal  under  i^-inch 
size  and  below  l,t>5  sjieciHc  gravity,  while  the  ash  increases  both  with 
size  and  with  the  specilic  gravity.  In  the  Maryland  coal  both  sulphur 
and  ash"  imreitse  with  specific  gravity,  and  apparently  without  very 
much  reference  to  size  of  product.  Practically  the  same  is  true  of  the 
Pennsylvania  No.  0  coal  and  of  the  We.st  Virginia  coal.  The  record 
of  tlie  Wyoming  coal  i.s  not  sufficiently  complete  for  comparison.  In 
all  but  the  llrazil  coal  there  is  a  marked  tendency  to  increase  of  ash 
and  sulphur  in  the  tine  dust,  suggesting  that  the  impurities  are  liber- 
ated in  crushing  and  are  more  brittle  than  the  niasF<  of  the  coal. 
Noticeably  different  compositions  in  ash  and  sulphur  of  the  portions 
of  the  various  coals  lielow  l.I'.y  .specilic  gravity,  may  indicate  either 
actual  variations  in  the  specific  gravity  of  the  coal  prii]>er  or  variations 
in  tlio  nature  of  the  combination  of  the  sulphur  and  minci-al  matter. 

Further  experiments  along  tliese  linos  seem  very  desirable. 

LAriOKATOllY    MKTIIOIIS    OF     DKTF.RMIMMl     ADAlTAlill.ITV    OF    rOAU*  TO 
nirUOVEMKNT    l!Y    WASHINIi. 

The  labonitory  metlitHl  of  testing  consists  in  floating  the  sample 
upon  solutions  of  different  density  and  thereby  .separating  the  coal 
into  portions  of  dilferent  specific  gnivity,  the  ainount.s  of  these  por- 
tions  being  determined  luid  each  portion  aualyged  separately  for  ash 
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certain  of  the  coals,  are  given  in  the  tables  of  results  below.  As  these 
laboratory  samples  were  all  crushed  to  one-half  inch  and  finer  before 
testing,  these  results  do  not  necessarily  show  what  might  be  done 
with  the  coal  crushed  to  other  sizes.  They  do,  however,  give  an  indi- 
cation of  the  possible  improvements  which  ma}'  be  expected  from 
washing. 

The  "one-fortieth  inch  and  finer''  portion  of  the  sample  was  tested 
as  follows:  The  sample  was  stirred  up  with  water,  and  after  settling 
for  one  minute  the  liquid  was  decanted  off  very  closely  and  the  remain- 
ing jK)rtion  was  dritMl,  weighed,  and  analyzed.  The  loss  on  dex^nta- 
tion  indicates  in  a  verv  jjenenil  wav  the  extent  to  which  the  coal 
breaks  down  into  a  fine  powder  upon  handling  or  cruvshing,  and  is  an 
indication  of  the  amount  of  fine  coal  lost  during  washing.  The  par- 
ticular crushing  machinery  used  would,  however,  greatly  affect  the 
amount  of  fines  j)roduce(l  in  crushing.  The  analytical  results  on  the 
poilion  remaining  after  dccant^ition  are  in  a  general  way  an  index  to 
the  way  the  impurities  separate  from  the  coal  in  crushing. 

The  interpretation  of  these  results  may  perhaps  he  imderstood  best 
by  a  considenition  of  the  results  derived  from  some  particular  sample, 
as  Indiana  No.  7  A.  In  this  sample  the  ash  and  sulphur  contents  in 
the  unwashed  coal  are,  respectively,  9.03  and  3.76.  The  sample  crushed 
to  "i  inch  to  j^o  inch''  was  separated  by  sifting  into  91.1  per  cent 
coarse  and  8.6  per  cent  fine.  Considering  the  coarse  portion:  The 
part  lighter  than  1.35  specific  gmvity  amounted  to  86.7  per  cent  of 
the  entire  sample,  and  contained  6.<>9  per  cent  ash  and  3.05  per  cent 
sulphur.  It  is  (juite  probable  that  in  actual  washing  practice  a  large 
part  of  the  "'Jo  inch  and  liner""  would  be  reduced  in  ash  and  sulphur 
contents  to  about  the  same  percentage,  wliich  would  indicate  the  pos- 
sibility of  improving  tins  coal  2  per  cent  in  ash  and  0.7  per  cent  in 
sulphur,  accompanied  by  a  wa>hing  loss  of  about  10  per  cent.  The 
distribution  of  the  ash  and  sulphur  on  the  heavier  portion  is  shown 
by  the  percentage  results  on  the  ''1.3.*>  to  1.05^'  portion  and  on  the 
portion  ''Heavier  than  l.<>5.-'  The  washery  tests  do  not  show  so  great 
an  improvement  in  ash  and  sulphur  as  might  hv  expected  from  the 
analysis  of  the  portion  ''Lijrhter  than  1.35,''  and  a  j)ortion  of  the  ""1.35 
to  1.65'-  specific  gravity  material  evidently  remained  with  the  washed 
coal.  How(n'er,  washery  tests  upon  such  small  lots  of  coal  can  not 
be  exj)ected  to  give  the  best  results;  also  the  j)()ssible  improvement  at 
i-inch  size  is  apt  to  be  greater  than  can  b(»  obtained  at  H-inch  size,  at 
which  the  sampl(>  was  worked  at  the  washery.  The  results  of  the 
lal>oratory  tests  indicate  that  the  high  suli)liur  and  the  comparatively 
high  ash  in  the  washed  coal  from  the  washery  is  not  the  fault  of  the 
washing,  but  is  due  to  the  combination  in  which  the  ash  and  sulphur 
occur,  showing  that  a  very  low  ash  and  sulphur  product  can  not  b^ 
obtained  from  this  coal  by  washing.  ,  The  \aV)OT«Ltot'i'  \«9Xa  dici. 


8U  KXPEBIHBNTAL  WORK    IN    KUEL   TKSTINQ. 

ever,  indicate  that  under  the  best  conditions  of  washing  there  would 
be  sonic  improvement,  but  not  much,  over  the  results  obtained  at  the 
wftshery  of  the  fuel-testing  plant. 

Iktermhuitioiii  of  (ah  and  tul/ihur  in  toat  tamplei  varwuiig  Ireated. 

ILLINOIS  NO.  9  A. 

[L'nwwhiwl  fonl— ABh.  11.21;  nutphur,  i.ta.] 
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DetermiMUimiM  o/a«h  and  ttidphur  in  coal  HampUn  niriou9ly  treated — Continued.' 

OHIO  NO.  1. 
[rnwHshed  cohI  (boiler-t4^t  Hampli*.  No.  21S6) — iwh.  16.91;  Miilpbur,  5.34.] 


Portion.       AHh.     !  Sulphur. 


Compared  with 
original  Munpte. 


Afih. 


ft  Inch  to  A  inch 87.  o 

lighter  than  1.35 57. 5 

1^  to  1.65 16.8 

Heavier  thanl. 65 7.3 


I 


5.97 
18.91 
54.35 


*2.«1 

5.87 
15.01 


8.48 
8.18 
8.97 


A  inch  and  finer 12. 9         ; 

Very  flne,decante<l" 7. 3   ! 

Remainder .V^  29.56  7.04 

Washed  at  l^inc'h  size. 

SampleNo.l 9.20  3.98 


1.28 
1.69 


13.60 


Bnlphur. 


1.87. 

.88 

1.10 


.40 


4.M 


OHIO  NO.  5. 
[Unwaahed  coal  <boilt'r-t*»st  .•lamplr.  No.  2101)— H«h,  8.02;  oulphar,  1.65.] 


ft  inchand  A  inch *.k>.  8 

Ughter  than  1.35 7h.  i 

li»tol.85 7.5 

Heavier  than  1.65 3.4 


A  inch  and  finer -. . . . 

Very  Una,  decanted  « 
Remainder 


8.9 


6.4 
2.6 


PENNSYLVANIA  NO.  8. 
firnvrashed  coal  (boilc»r-te«t  mmple.  No.  2446) — ash,  6.33;  Nulphur.  0.89.] 


ft  inch  to  A  inch 

Lighter  than  1.35. 

1.85  to  1.65 

Heavier  than  1.65 


78.5 


71.0 

4.8 
1.6 


^  inch  and  finer 21.2 

Very  fine,  decaiiic*! " 12. 6 

Remainder f s.  6 


I 

1          6.02 

'        21.19 

51.98 

0.68 
1.49 
8.36 

3. 56  i 

1.02  1 

.88. 

0.41 
.07 
.18 

.80  ; 

.65  1 

1 

.11 

7. 51 

1.10 

.09 

6.86  ! 

1 

.81 

I'KNNSYLV.VNIA  NOS.  7  A  ANI)  7  H. 
[rnwa'thjMl  r<ml  i  boilrr-tj'si  saniplf.  No.  21*<2»— iisli,  ll.;j«»:  •iiilphur,  1.68.] 


A  inch  to  ^  inch '.mm; 

Lighter  than  1.3:> 73  n 

{.."tS  to  1.65 I4.»i 

IIea\'ier than  1.6.'> l.l 


^n  inch  and  finer •.».(► 

Very  fine,  decant r<l<' 7.1 

Remainder IT 


Waflhed  at  l|-inch  hizc 

Sample  No.  I 

No.2 


1 

s. 
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b  48 

1.U8 

IX 

12  1 

2.03 

3.38 

30 
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US 

y  71 
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"  K<*tinmted  from  rc*«nll.«*  on  unwash«Kl  i-oal. 
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Drtermittatiotu  of  uih  and  eulphur  in  cool eampUi  vario'aly  treated — Continued. 

PEN-XSYLVANIA  SO.  10, 

[(■nKB*hi.rt  oi«l  (boller-ltsl  inmiiU',  Ni..  Z37S)-ash,  1.37;  siilpliur,  LKi.] 

Compared  wUli 


■IVirl 


j    nrigiiul  nmplf. 
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i>.  !11(«)— mil,  H.mi:  ™iphur 


Heavier  Ili> 

,  Ini'h  and  flni 

KpiOBlndfr 


•!a.M 

7U.» 

I:;ji 
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'.:> 
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Determinations  of  ash  and  sulphur  in  coal  samples  variously  treated — Gontinaed. 

WEST  VIRGINIA  NO.  13. 
[rnwHMhed  cohI  (tK)iler-te9t  sample,  No.  2058)— ash,  3.93;  sulphur,  0.96.] 


Portion. 


k  Inch  to  A  *"«*» \f4.Ct 

Lighter  ihan  l.:i5 S9. 1 

1.35  to  1 .65 2. 2 

Heavier  than  l.d5 1.7 


^  inch  and  liner 

Very  fine,  decftntod". 
Remainder 


6.1 


3.6 
2. 5 


Compared  with 


Ash. 

Sulphur. '_ 

onginAl 

mmpie. 

Ash. 

Sulphur. 

2.41 
20.  72 
70.16 

0.83 
1.27 
2.69 

2.L5 

.46 

1.19 

0.74 
.06 
.04 

i__ 

.24 

.*04 

9.64 

1.08  : 

.08 

1 

4.18 

.88 

WKST  V1R(}INIA  XO.  11. 
[UnwaHheii  (.'oal  Oxnler-testsiiniple,  N«).  2052) — ash,  2.27:  sulphur,  1.07.] 


4  inch  to  A  inch i  S8. 6 

Lighter  than  1.35. 
1.86  to  1.66. 


Heavier  than  1.66 


J^  inch  and  finer 

Very  fine,  decanted  a. 
Remainder. 


i  S8.6 

i          XI.  4 
1.0 
1.0 

1.52 
14.52 
5S.(iO 

O.W 

2.11 

13. 45 

L28 
.16 
.60 

0.74 
.Ott 
.18 

11.1 

7.7 
3.4 

.17 
.34 

.08 

7.10 

1.80 

.07 

2.48 

1.04 

WEST  VIRGINIA  NO.  18. 
[Un\vaNh(*d  coal  (boiler-(ost  sample.  No.  2607)— ai«h,  6.21:  sulphur,  0.67.] 


I  !nchto^inch »1.0        

Lighter  than  1.35 so.O           4.88  i 

l.StOl.65 3.0           '22.81; 

Heavier  than  1.65 ,  1.0.       62. 55  ; 


^0  inch  and  finer 8. 6 

Very  fine.  dfcanttMl<i '  6.1 

Remainder 2, 5 


7.97 


0.  m 
.50 
.57 


4.20 
.68 
.63 


.S» 


.38 
.20 


6.09 


\VY()MIN<i  Si). '2  H. 
[rnwM.'*h«'<l  coal  (h<iil»r-U"«t  sjiniple,  Nn.  21tili  -ash,  21.3>:  sulphur,  1.41.] 


0.60 
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.04 
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inch  to  A  Inch (U. « 


Lighter  than  1.3.'). 

1.35  to  1.65 

Heavier  than  1.65 


^  inch  and  finer 

Very  fine.  d(M'ani«.Ml<i, 
Remainder 


;">.  •• 


62. 1 
21.4 
12.  1 

10.85 
31  81 
64.30 

4.3t 
3.27 
6.  4H  , 

6.77  : 
6.81 

7. 78 

2.70 
.70 

.78 

:'..  3 

2.»i 


:ii.4:> 


4.  II 
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22.  S9 


.15 
.11 


4.44 


>'  Ksliiualffl  from  result^  ou  unwashrd  <(»al. 
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iijjis  III'  luh  niiii  riilplivr  hi  if  ml  mmple'  n'rioiali/  Irtnted — C<iti 
j^PWUl,  TFST  iiN  KKFCSE  IfROM  A  WASHIKIi. 


Compdred  wllh 


■i-hloAlnch 

Llghlerlhanl.SS... 
l.»lo  1.6.1 


k'try  fine,  deianiiilo. 


VOI.ATII.K    MATTKR    IN    <'OAI.S   ANI>    I.IRNITES." 

Tlie  uiticial  iiietliod  of  ilt'terminiii^  volatilp  matter,  reoommendwi 
hv  tlie  coiiimittpc  uii  foal  iiimlysis  apiviintpd  liy  Hip  Aiiipriistii  Ohem- 
ii^l  Society,  is  as  follows: 

I'luii'  1  gruMi  of  ItkAi,  imdrkil,  iiowiltre<I  cuhI  in  a  plalinum  criidble  weighing  20 
i.r  *1  lEraiiiH  aixl  liaviiig  it  tighllv  lifting  cowr.  Heat  over  tlie  dill  flame  of  a  Bun^n 
iniriiiT  for  peveii  niiiiiiteii.  T)ie  ('ni(*if>le  I'lioiii'l  l)e  supported  on  a  platinum  trianf^le, 
with  the  bottom  G  to  8  ccntimotera  above  the  top  of  the  burner.  The  flame  should 
lie  fully  2(1  eentimi'k-'iB  high  when  burning  free,  and  the  determination  HhouM  be 
made  in  a  |iUc«  free  from  dmughtti.  The  upper  surface  of  the  cover  should  bum 
clear,  but  the  under  Kurfai-e  tihoiild  remain  covered  with  r«rlK>n.  To  find  "volatile 
I'ombustible  matter,"  aubftrai't  the  jht  i-ent  of  moipture  from  the  loss  found  here. 


Tbia  methoil  bas  been  used  regularly  in  the  volatile  determinations 
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LaboraUrrtf  analy$en  on  sampler  £734  <i«''  i^fi4  <\f  Texas  So.  S  lignite. 


runstitiu'iit. 

1 

j    2734. 

Sampleii 

• 

2764. 

1. 

2. 

3. 

Moisture 

9.88 

20.24 
58.48 
10.86 
10.43 
1.08 

20.94 

Volatile  matter 

86. 17 

86.42 

Hxed carbon..  . 

• 

48. 65 

IMLttl 

Aah 

10.80 

10.48 

dnlphur 

1.30 

*  1.08 

• 

This  ^reat  difference  in  the  Hxe(l-<*arl>on  results  shown  in  column8  1 
and  2  could  not  be  accidental,  as  all  of  the  determinations  on  both 
samples  were  duplicated.  A  series  of  determinations  was  begun,  to 
learn,  if  possible,  the  cause  of  this  great  variation.  The  two  follow- 
ing causes  were  suspected,  both  of  which  were  found  to  be  partly 
responsible  for  the  difference:  (I)  Mechanical  loss  due  to  the  throwing 
out  of  solid  i>articles  })y  the  too  rapid  expulsion  of  the  volatile  matter. 
The  possibility  of  loss  from  this  source  is  mentioned  in  the  report  of 
the  committee  of  the  American  Chemical  Society,  but  the  results  of 
their  experiments  are  negative.  (2)  A  different  breaking  down  of  the 
hydrocarbon  compounds  when  expelled  under  different  conditions  and 
in  the  presence  of  viariable  amounts  of  moisture.  • 

The  results  of  Mr.  N.  M.  Austin's  preliminary  treatment  of  toe 
sample  with  a  low  heat  and  then  with  the  applii^ation  of  the  full  flame 
of  the  Bunsen  burner  gives  higher  results  in  fixed  carlK)n  than  where 
the  full  flame  of  the  Bunsen  burner  is  applied  from  the  beginning. 
The  proximate  analysis  of  saniph^  2704,  giving  the  unusual  results, 
which  was  finally  re}X)rted  by  the  labomtory,  is  shown  in  column  3. 

A  series  of  seven  results  by  the  official  method  gave  for  volatile 
matter  on  this  sample  an  average  of  02.5  per  cent,  with  a  variation 
between  high  and  low  results  of  over  12  ])er  cent.  Three  results  of 
volatile  matter  on  this  sample  made  after  previous  expulsion  of  the 
moisture  at  10.")  C\  gave  average  volatile  matter  8i>.()  jjer  cent,  with  a 
variation  between  high  and  low  results  of  o.l»  per  cent.  Preliminary 
treatment  bv  drivintif  off'  the  moisture  and  most  of  the  volatile  matter 
at  a  low  heat  was  then  tried,  the  flame  of  the  Bunsen  burner  being 
turned  down  to  lo  ceiitimett^rs  and  the  crucible  iri'Jiduallv  heated.  The 
application  of  the  heat  was  regulated  by  holding  the  burner  in  the 
hand  and  h(»atiiig  in  such  a  way  as  to  (»xj)cl  the  moisture  slowly  and 
gradually  smoke  otl  most  of  the  volatile  matter,  the  volatile  matter 
escaping  fn»ely  (Miougli  during  the  last  minute  of  this  preliminary 
heating  to  burn  with  a  small  flame  around  the  edge*  of  the  crucible 
cover.  Two  results  with  five  minutes  of  preliminary  heating  and  then 
seven  minutes  over  the  full  flame  of  the  Bunsen  burner  gav^e  an 
average  in  volatile  matter  of  35.08  per  cent,  the  variation  betv<(^ftv\  Vksfe 
two  results  being  0. 2/J  per  cent.     Two  resv\\U  wWXi  \\w^^  YcCvwaXfc^  \x^- 
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liniinary  heating  and  seven  minutes  over  the  full  flame  of  the  Bunsen 
burner  gave  an  average  of  35.il  per  cent,  with  a  variation  of  0.75  per 
cent  between  results.  A  result  obtained  by  four  minutes  of  prelimi- 
nary heating  and  then  seven  minutes  over  the  full  flame  gave  35.42 
per  cent.  The  difference  in  results  obtained  by  the  three-,  four-,  and 
five-minute  preliminary  treatment  is  small,  and  in  all  subsequent 
experimental  teats  the  time  of  the  preliminary  heating  was  four 
minutes.  To  determine  the  mechanical  losses  and  difference  in  vola- 
tile compounds  given  off,  a  number  of  ash  determinations  were  made 
after  the  driving  off  of  the  volatile  matter  by  the  official  method  and 
after  driving  off  the  volatile  matter  in  roimection  with  the  prelimi- 
nary heating.  The  results  of  volatile  matter  and  ash  on  three  deter- 
minations by  the  official  method  and  on  two  determinations  by  the 
moditied  method  of  four  minutes  of  preliminary  heating  and  then 
seven  minutes  over  the  full  flame  are  as  follows: 

iMn-miiailumt  11/ iiMlUile  mtitirr  liy  lnv  mfthmU. 


it  Ihl>  Huu|ili.  slcxl  tn 


That  mechanical  losses  occurred  during  the  rapid  evolution  of  the 
volatile  matU^r  by  the  official  method  wa.-i  also  indicated  by  theshower 
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bom  the  third  result  by  the  official  method  was  7.25  per  cent,  or  the 
loBS  of  ash  3.9  per  cent.  (k)rrection  for  fixed  carbon  mechanically 
carried  off  is  accordingly  3.9-^11.15,  or  35  per  cent.  This  portion  of 
the  fixed  carbon  as  shown  by  the  modified  method  gives  11.4  per  cent 
as  the  amount  of  fixed  carbon  expelled  mechani(;all3\  The  result, 
after  making  the  fixed-carbon  and  ash  (corrections,  is  shown  in  column 
2  of  the  following  table: 

('(trnrti'tl  (leteriniftiUloitH  ht/  I  he  offirial  method. 


Constitut^nt. 


Corrected  results. 


2. 


Moistare 

Volatile  nuitter 
Fixed  carbon . . 
Ash 


19.78 
47.10 
21  97 
11.15 

19.78 

48.42 

25.65 

11.16 

100.00 

100.00 

The  difference  in  this  (case  in  fix(^d  carbon,  due  to  the  different  heat 
treatment,  is  7.07  per  c(^nt. 

This  particular  sample  was  very  finely  ground.  To  find  out  how 
much  the  difference  in  result  was  due  to  the  fineness  of  grinding  a 
duplicate  portion  of  the  same  sample  was  ground  down  till  it  passed  a 
40-mesh  sieve.  The  results  of  duplicates  by  the  ofiScial  method  and 
by  the  modified  method  are  shown  in  the  next  table.  The  proximate 
analysis  of  the  first  siimple  by  the  modified  method  is  shown  in  column 
2.  The  correction  for  fixed  carbon  to  be  applied  to  th(»  result  of  the 
ofiicial  method  is  0.95^11.20.  or  S.5  per  cent  of  the  fixed-carbon 
result  of  the  modified  method,  which  is  2.9  per  cent.  The  results  by 
the  official  method,  after  correcting  for  mechanical  loss  of  fixed  carbon 
and  ash,  are  shown  in  column  1.  The  ditterence  in  fixed  car!)on  be- 
tween the  two  methods,  due  to  difl'erent  heat  treatment,  is  3.45  per 
cent.  These  resi  show,  at  least  for  lignites,  that  the  fineness  of  the 
sample  has  an  important  efl'ect.  l'jx)n  a  second  sample  of  lignite, 
similar  to  the  first  except  that  it  contained  more  moisture  (30.45  per 
cent),  the  av^erage  results  by  the  modified  process  are  as  tabulated  in 
column  4.  A  comparison  of  the  results  in  volatile  matter  and  ash  by 
the  ofiicial  method  shows  that  the  correction  to  be  applied  to  the  fixed 
carbon  and  ash  for  in(Mhanicul  loss  is  2.71-^lo..s;5.  These  corrections, 
as  applied  to  the  results  obtained  by  the  otficial  method,  are  shown  in 
column  3. 
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.  To  test  the  effect  of  the  fiueneas  of  grinding  upon  the  determination 
o.f  the  volatile  matter  in  ordinary  bituminous  coal,  a  sample  of  coal, 
Kentucky  No.  1  C,  containing  2  per  cent  moisture,  5.7  per  cent  ash, 
and  0.1*  per  cent  sulphur,  vaa  still  further  reduced  in  ash  content  by 
floating  on  a  calcium-chloride  solution  of  1.32  specific  gravity.  The 
lighter  portion  was  then  thoroughly  air  dried  and  separated  by  sifting 
into  five  sizes^  and  proximate  analyses  of  the  pails  were  made  by  the 
olticial  methfKl,  with  the  following  tvi^ults: 


■,„„tm,u>/;r  ivliaile  n. 


•I  A'cH/Mctt/ A'c.  K'cmil. 


siBHnl  seiwniKon  by  Rifting. 
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volatile  matter  than  the  coarser  samples,  probably  due  to  the  more 
complete  sintering  together  of  the  fine  samples  upon  heating,  with 
the  consequent  effect  upon  the  giving  off  of  the  volatile  matter. 

In  order  to  find  out  how  much  effect  different  heat  treatment  has  on 
different  fuels,  a  series  of  samples  was  selected  ranging  from  anthia* 
cite  to  peat,  most  of  the  samples  used  in  the  tests  having  been  pre- 
viously more  or  less  completely  air  dried  so  as  to  permit  of  better 
handling  in  the  laboratory.  Determinations  for  volatile  matter  were 
made  in  duplicate  by  the  regular  official  method  and  by  the  modified 
method  with  four  minutes'  preliminary  heating.  The  proximate 
analyses  of  the  samples  with  the  volatile  matter  determined  by  the 
official  method  are  shown  in  columns  1  to  5  of  the  next  table;  the 
results  for  volatile  matter  by  the  preliminary  heating  are  given  in 
column  6;  and  the  differences  in  volatile  matter  by  the  two  methods 
are  given  in  column  7.  The  determinations  for  moisture  were  all 
made  in  accordance  with  the  official  method,  by  weighing  out  a  sepa- 
rate sample.  The  same  is  true  of  the  determinations  for  ash,  with  the 
exception  that  upon  two  or  three  of  the  lignite  samples  and  one  of  the 
Pennsylvania  samples  the  results  for  ash  are  those  obtained  after  the 
determination  of  the  volatile  matter  by  the  modified  process.  These 
parUoular  samples  and  results  are  all  specifically  mentionedelflewhere 
(p.  42). 

Efftci  of  different  heat  treatment  on  determination  oftfolaHle  matter. 


Proximate  analynln  (official  method). 


Fuel  treatetl. 


Volatile 
matter 

Moistim.    Volatile  I    Fixe<l         .  ,        sninhiir  '(modified 
Moisiim.    matter.  :  carbon.        •^*"-       ^"^P"""^'  method.) 


Dif- 
ference. 


I 


:?. 


n. 


Colorado  anthracite 

Arkansas 

Pennsylvania 

0o 
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Indiana 

Washington 

Indiana 

North  Dakota  lignite 

Illinois 

Texas  lignite  (fine) 

Texas  lignite  (40- mesh  dupli- 
cate)   

Texas  lignite  (not  air  dried) . 
Massachusetts  peat 
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12.40 

19.78 

19.35 
30.45 
13.25 


6.05 
12.47 
17.35 
33.10 
37.51 
37.70 
35.87 
^4.40 
45.68 
32.18 
62.50 

42.07 
44.40 
49.80 


77.56 
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0.60 

72.05 

14.65 

2.14 

74.92 

6.83 

.97 

53.30 

12.55 

1.76 

56.68 

2.82 

.58 

45.65 

12.45 

4.13 

14.57 

12.91 

.68 

48.72 

8.48 

1.47 

:«.97 

9.80 

1.04 

12.82 

12.60 

1.30 

6.57 

11.15 

1.03 

15.42  I 
16.21 


11.20 

9.73 

20.74 


,58 


6. 

7. 

4.90 

0.15 

12.37 

.10 

16.07 

1.28 

30.35 

2.76 

34.78 

2.73 

34.67 

3.08 

84.26 

1.02 

32.00 

2.40 

40.17 

6.41 

30.12 

2.06 

136.42 

27.08 

36.72 

6.86 

30.97 

18.43 

47.92 

1.88 

aTwo  determinations  upon  the  fine  sample  of  Te.xus  lignite  made  by  heating  for  four  minutes  over 
aflame  6  centi  mete  FH  high  and  then  seven  minutes  over  the  full  flame  (25  cm.)  gave  35.47  per  cent 
volatile  matter— almost  an  exacl  check  upon  the  result  obtained  by  the  four-minute  preliminary 
heating  with  a  lOK^entimeter  flame  regulated  by  holding  burner  in  the  hand. 

With  the  exception  of  the  anthracite  and  semianthracite  samples, 
the  results  by  the  preliminary  heating,  as  compared  with  those  by  the 
official  method,  all  show  a  considerably  less  amount  of  volatile  matter 
and  a  correspondingly  greater  amount  of  fixed  carbon.  In  the  case 
of  the  lignites,  the  greater  volatile  matter  by  the  official  method^  as 
has  been  shown,  is  partly  due  to  mechanical  losses. 
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Ill  order  to  i^ee  if  mechanical  losses  mi>i;bt  account  for  the  differences 
on  the  hituniinoim  coals,  determinations  for  the  ash  after  the  determi- 
natioii  of  the  volatile  matter  were  made  on  one  of  thoi  Pennsylvania 
samples.  The  average  result*  for  ash  on  the  sampler  by  the  two 
methods  are:  Official  method,  1:1,56;  preliminary  heating,  12.53. 
The.sc  results  indicate  no  mechanical  loss  whatever,  and  in  none  of  the 
samples  except  the  lignites  were  visible  solid  carlxtn  particles  driven 
off  in  the  form  of  sparks,  and  the  differences  must  be  ascribed  to  the 
different  breaking  down  of  the  hydrocarbon  compounds  bj'  the  differ- 
ence in  heat  tfoatment. 

Comparisons  of  the  results  of  volatile  matter  on  a  great  number  of 
samples  differing  from  one  another  in  moisture  content  indicate  that 
the  presem-e  of  loosely  held  moisture  in  the  sample  causes  a  higher 
volatile  result.  In  order  to  obtain  more  definite  data  on  this  question, 
three  samples  low  in  moisture  and  representing  widely  different  kinds 
(rf  coal  were  selected  for  a  series  of  determinations.  The  effect  of 
loosely  held  moistun'  upon  the  determinations  for  volatile  matter  in 
each  of  these  samples  was  determined  by  adding  definite  amounts  of 
water  to  the  sample  after  weighing  out.  The  water  was  thoroughly 
mixed  with  the  sample  ly  means  of  a  fine  platinum  wire  and  the  vola- 
tile determination  then  made  in  the  usual  manner  according  to  the 
official  method.  The  first  sample  selected  was  a  sample  of  Pennsyl- 
viiniii  coal.  The  proximate  analysU  of  the  air-dried  sample  and  the 
results  for  volatile  matter  determined  in  the  presence  of  additional 
moisture  are  shown  in  the  next  table.  Air-dried  .tamples  of  Illinois 
coalund  Arkansas  lignite  were  treated  in  the  same  way.  with  the  results 
also  shown  in  the  table. 
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minutes'  pi*eliminai'y  heating  over  a  low  flame,  determinations  wore 
made  upon  these  samples  with  and  without  additional  moisture,  with 
the  following  results: 

Ddermiruitions  of  rolatiie  mnUer  {percentagei<)  after  four  mintiteM^  prellminartf  heating, 

ahfiimig  effect  (f  loo^i'ly  hfld  mo'nUmr. 


Volatile -matter  doterminatlomi  (by 
iiiodifie<1  method)  in  the  pnwence  fif 
KtHted  amounts  of  added  moisture. 


Fuel  treated. 


^''t,?re'l      «1'>      ■       0-2       !       0-8 

added.  •   t?™™-   ;   «"°»-   ;   <P*™- 


Pennsylvania  ooal 

niinoiscoal 

Arkanaas  lignite. . . 


'■M).  35    . 

1 

81.66 

34.8;'> 

3»;.yo  . 

37.40 

• 

These  results  show  that  even  with  a  gradual  preliminary  heating 
the  presence  of  loosely  held  moisture  increases  the  value  of  the  vola- 
tile determinations,  the  difference  in  some  of  the  samples  being  as 
l^reatas  the  difference  by  the  official  method;  from  which  it  appears 
that  the  rapid  application  of  heat  sufficient  to  drive  off  this  moisture 
results  in  a  reaction  between  the  water  vapor  and  the  carbon  or  hydro- 
carbons in  the  coal. 

The  results  of  the  foregoing  experiments  and  tests  show  that  the. 
value  obtained  for  volatile  matter  in  coal  is  affected  to  an  important 
degree:  (1)  By  the  method  of  heating  the  sample,  (2)  by  the  fineness 
of  pulverization,  and  (3)  by  the  amount  of  loosely  held  moisture 
present.  In  bituminous  coals  these  differences  do  not  exceed  3  or  4 
per  cent,  and  appt^ar  to  he  entirely  due  to  a  different  breaking  up  of 
the  hydrocar!x)n  compounds  under  the  different  conditions  of  heat 
treatment,  fineness  of  sample,  and  amount  of  moisture  present.  In 
the  case  of  lignites,  where  the  difference  may  be  as  high  as  25  per 
cent,  this  difference  is  hugely  due  to  the  mechanical  loss  in  the  sample 
during  the  rapid  expulsion  of  the  volatile  matter. 

In  the  routine  work  of  th(»>  hiborutorv  in  making  the  determinations 
of  volatile  matter  the  official  method  is  at  present  used  for  ordinary 
bituminous  coals,  while  lit^nites  or  other  coals  with  more  than  10  per 
cent  moisture  are  heated  for  four  minutes  at  a  low  tem})erature  and 
then  for  seven  minutes  over  the  full  tianie  of  the  Hunsen  burner. 
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PREFACE. 


By  Joseph  A.  Holmes. 


Immediately  after  the  San  Francisco  earthquake  and  fire  of  April 
18, 190C,  it  was  decided  to  arrange  for  an  investigation  of  their  effects 
on  buildings  and  materials  of  construction.  Accordingly,  on  April 
19  Richard  L.  Humphrey  was  sent  to  San  Francisco  for  this  pur- 
pose, as  secretary  of  the  National  Advisory  Board  on  Fuels  and  Struc- 
tural Materials  and  representing  the  structural  materials  division 
of  the  United  States  Geological  .purvey.  At  the  request  of  the  Presi- 
dent, Capt.  John  Stephen  Sc^weU,  Corps  of  Engineers,  United  States 
Army,  was  sent  to  San  Francisco  on  a  similar  errand  by  the  War  De- 
partment under  order  of  April  23,  1906.  Frank  Soul£,  dean  of  the 
college  of  civil  engineering  of  the  University  of  California,  was  asked 
late  in  the  fall  of  1906  lo  prepare  a  report  on  the  general  earthquake 
and  fire  conditions.  G.  K.  Gilbert,  of  the  TTnited  States  Geological 
Survey,  also  a  member  of  the  California  earthquake  investigation 
commission,  who  was  near  San  Francisro  at  the  time  of  the  disaster, 
was  asked  to  prej)are  a  brief  s]wcial  rejiort  on  the  j)henomena  of  the 
uarth(iuake. 

Mr.  (iill>ert  has  brought  into  his  jjaner  oidy  the  salient  features 
and  results  of  the  earthquake,  for  the  reason  that  the  subject  is  being 
treated  more  fully  in  the  report  of  the  California  earthquake  inves- 
tigation commission. 

Mr.  Humphrey,  who  during  the  last  two  years  has  had  charge  of 
the  structural  materials  laboratories  of  the  United  States  Geological 
Survey,  has  had  many  years'  experience  in  the  investigation  of  struc- 
tural materials,  especially  with  regard  to  tlieir  fire-resisting  qualities. 

Before  going  to  San  Francisco  Captain  Sewell  had  studied  care- 
fully the  effects  of  fire  on  buildings  and  materials,  especially  as  indi- 
cated bv  the  results  of  the  (;onfia":ration  at  Haltiniore  in  1904. 

Professor  Soule  has  had  the  advantage  not  only  of  a  large  experi- 
ence, but  also  of  Innng  thoroughly  familiar  with  the  conditions  in 
San  Francisco  prior  to  the  earth(|uake  and  fire,  and  of  IxMUg  on  the 
ground  during  their  occurrence.  II(»  has  had  subscujuently  every 
opportunity  for  studying,  at  first  hand  and  in  great  detail,  the  effects 
of  both,  the  earthquake  and  the  fire. 


The  inveBtigations  of  those  three  eiigineers  were  conducted  imle- 
pendently,  and  their  i-ei^orts  have  been  prepared  without  collalxira- 
tion.  Under  these  circiinistanceK  there  are  necessarily  some  differ- 
ences of  opinion  as  to  niattfrs  of  detail,  but  as  to  the  more  important 
features  the  writers  are  in  hearty  accord.  About  four  hundred  illus- 
trations were  submitted  with  the  original  reports;  many  of  these  do 
not  appear  with  the  printed  reports  because  their  use  would  have 
involved  duplication,  but  wherever  a  i'iew  given  by  one  author  was 
rejected  because  of  its  similarity  to  a  view  by  another  author  show- 
ing the  same  engineering  features,  a  reference  to  the  accepted  view 
has  been  inserted.  The  legend  appended  to  each  illustration  indi- 
cates whether  the  original  view  was  actually  taken  by  the  author  or 
was  procured  from  another  source. 

Persons  interested  in  this  subject  are  advised  not  only  to  read  each 
of  these  papers,  but  also  to  consult  a  number  of  other  important 
papers  on  this  subject  which  have  appeared  in  the  different  technical 
journals  and  the  proceedings  of  technical  societies  during  the  last 
several  months.     (See  list  at  end  of  bulletin,  pp.  169-161.) 


THE  SAN  FRANCISCO  EARTHQUAKE  AND  FIRE  OF  APRIL 
18,  1906,  AND  THEIR  EFFECTS  ON  STRUCTURES  AND 
STRUCTURAL  MATERIALS. 


By  G.  K.  Gilbert.  R.  L.  IIxmimirey.  J.  S.  Seweli.,  and  Frank  SouliL 


THE  EARTHQUAKE  AS  A  NATURAL  PHENOMENON. 


By  G.  K.  Gilbert. 


rNTRODUCmOK. 

■ 

The  investigations  to  which  the  San  Francisco  earthquake  has 
given  rise  are  of  two  classes — the  study  of  the  natural  phenomena 
constituting  or  associated  with  the  earthquake,  and  the  study  of  the 
relations  of  the  San  Francisco  earthquake  and  future. earthquakes  to 
human  activities. 

The  principal  studios  of  the  earthquake  as  a  natural  phenomenon 
are  under  the  direction  of  the  California  earthquake  investigation 
commission,  which  was  ap[)()inted  by  the  governor  of  the  State 
three  davs  after  the  occurrence  of  the  shock.  The  human  or  economic 
aspects  of  the  subject  have  been  studied  chiefly  by  engineers  and 
architects,  of  whom  a  number  have  acted  in  [)rivate  capacity,  while 
others  have  acted  as  the  repres(Mitatives  of  governmental  or  private 
organizations.  In  many  of  the  architectural  studies  the  earthquake 
and  fire  have  been  considc^red  together,  as  the  destructive  effects  of 
these  two  sources  of  danger  were  closely  associated  in  the  San 
Francisco  disaster. 

This  vohime  is  devoted  to  certain  economic  aspects  of  the  subject, 
and  the  present  chapter  on  natural  plic^nomena  of  the  earthquake 
selects  those  features  which  seem  contributory  to  an  understanding 
of  the  papers  which  follow.  A  fuller  account  of  the  earthquake 
may  be  found  in  the  preliminary  report  of  the  State  comnxv^^^  ^ 
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above  referred  to ;  and  a  muiiograpliic  report  is  to  be  expected  when 
the  labors  of  this  commission  shall  have  been  completed." 

All  earthquake  is  a  jar  occasioned  by  some  violent  rupture.  Some- 
times the  rupture  results  from  an  explosion,  but  more  cominonlj 
from  the  sudden  breaking  of  rock  under  strain.  The  strain  may  be 
caused  by  the  rising  of  kva  in  a  volcano  or  by  the  forces  that  make 
mountain  ranges  and  continents.  The  San  Francisco  earthquake  of 
April  18,  lOOC,  had  its  origin  in  a  rupture  associated  with  mountain- 
making  forces.  A  rupture  of  this  sort  may  bo  a  mere  pulling  apart 
of  tlie  rocks  so  as  to  make  a  cruck,  but  examples  of  that  simple  type 
are  comparatively  rare.  Th*r  great  majority  of  ruptures  include  not 
only  the  making  of  a  crack  but  the  relative  movement  or  sliding  of 
the  rock  masses  on  the  two  sides  of  the  cruck ;  that  is  to  say,  instead 
of  a  mere  fractui-e  there  is  h  geologic  fault.  After  a  fault  has  been 
made  its  walls  slowly  beconn'  cemented  or  welded  together;  but  for 
a  long  time  il  remains  a  plane  of  weakness,  so  that  subsequent  strains 
are  apt  to  be  reHeve<l  by  renewed  slipjiing  on  the  same  plane  of 
rupture,  an<l  hundreds  of  earthquakes  may  thus  originate  in  the 
same  place. 

A  faulting  may  occur  far  beneath  the  surface  and  be  known  only 
through  the  resulting  earthquake;  but  some  iif  the  quake-causing 
ruptui-es  extend  to  the  surface,  and  thus  lieconie  visible.  The  New 
Madrid  and  Charleston  earthquakes  are  examjdes  of  those  having 
deep-sealed  origins;  the  shocks  at  Inyo  and  San  Francisco,  of  those 
whose  causative  faults  reached  the  surface  of  tlie  ground. 

The  San  Francisco  earthquake  had  its  origin,  wholly  or  chiefly,  i 
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,    t'HKNuMEf^ON. 


iault  trace  and  diminished  with  distance  therefrom;  but  to  this  nile 
tiiem   sre   important  exceptions,   mid   it  haw   bpien   noted   especially 


that  an  area  of  high  inlenrnty  coincideil  iL^pl@i;(ip\a\eVs  -^v^  'Oca^i 
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fault.  As  the  ridges  of  tho  neighboring  Coast  Range  have  the  same 
northwesterly  trend,  it  is  thought  probable  that  a  subterranean  slip- 
ping here  occurred  on  a  fault  associated  with  tlie  valley.  In  that 
case  the  geologic  event  causing  the  earthquake  included  coincident 
or  nearly  coincident  yielding  on  more  than  one  fault  plane  of  the 
Coawt  Range  system,  and  various  other  peculiarities  in  the  distribu- 
tion of  intensily  may  be  ascribed  to  local  faulting. 

The  region  of  high  intensity,  to  which  most  of  the  destruction  was 
limited,  is  a  belt  20  to  40  miles  wide,  extending  from  the  mouth  of 
Eel  River  at  the  northwest  to  Priest  Valley  at  the  southeast  (fig.  1). 
This  belt  includes  the  surface  expression  of  the  principal  fault — a 
feature  distinctively  known  us  the  fault  trace — a  large  number  iif 
cracks,  and  many  local  and  superficial  dislocations  of  soil  and  rock 
variously  clutracterized  as  landslides  and  slumps. 

THE  FAULT   TKACE. 

The  plane  of  the  earthquake-causing  fault,  where  it  appears  at  the 
surface,  is  approximately  vertical.  Tlie  movement  which  took  place 
along  this  plane  was  ai>proximately  horizontal. 
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rectangular  block  after  the  earthquake,  its  two  parts  dislocated  1: 
sliding  horizontally  along  the  fault  plane,  and  the  line  AB  made  di 
continuous  by  an  offset. 

To  return,  now,  from  the  ideal  to  the  actual,  the  sides  and  botto; 
r  of  the  earth  block  disappear.    The  depth  to  which  the  fault  pen< 

trates  is  indefinite  and  unknow^n,  and  so  is  the  extent  of  the  lands  c 
either  side  affected  by  the  displacement.  For  nearly  200  miles  thei 
is  a  fracture  on  the  face  of  the  land,  and  everything  traversed  by  tl 
fracture  is  dislocated,  the  part  on  the  southwest  side  having  appa: 
ently  moved  toward  the  northwest  and  the  part  on  the  northeast  sic 
having  apparently  moved  toward  the  southeast.  The  total  horizonti 
offset  ranges  in  general  from  2  to  1(5  feet,  but  at  one  place,  affected  1: 
abnormal  conditions,  reaches  20  feet  (PI.  I,  .1).  The  effect  is  ah 
sliow^n  by  a  redwood  tree  (PL  II),  which  was  situated  at  a  plai 
where  the  displacement  was  slight.  The  average  offset  is  10  to  J 
feet.  Associated  with  the  horizontal  dislocation  are  vertical  disloa 
tions  of  minor  and  variable  amount.  This  line  of  fracture,  with  tl 
associated  dislocation,  is  the  surface  expivssion  of  the  fault  whic 
occurred  on  April  18,  1906.  It  is  the  visible  trace  of  the  fault  aero 
the  surface  of  the  land,  and  in  the  following  pages  will  be  called  tl 
**  fault  trace."  • 

The  fault  trace  itself  is  in  some  places  inconspicuous,  as  in  the  fli 
meadow  represented  in  PL  I,  B,  where  one  jnight  readily  walk  aero 
it  without  noticing  that  the  ground  had  been  disturbed.  Its  ordinal 
phase,  however,  includes  a  disruption  of  the  ground  suggestive  of 
huge  furrow,  consisting  of  a  zone,  between  rough  walls  of  earth,  i 
which  the  ground  is  splintered  and  the  fragments  are  dislocated  an 
twisted.  This  phase  is  shown  in  PL  III.  In  many  places,  the  fau 
trace  sends  branching  cracks  into  bordering  land,  and  locally  i 
effect  in  dislocation  is  divided  among  parallel  branches. 

The  views  of  the  fault  trace  given  in  PL  VII  represent  it  at 
point  not  far  from  the  head  of  Tomales  Bay,  where  it  traverses' 
hillside  having  a  general  Aope  toward  the  southwest.  In  the  upp< 
view  we  look  tow^ard  the  northwest;  in  the  lower,  toward  the  soutl 
southeast.  The  horizontal  displacement  is  here  about  16  feet,  tl 
ground  at  the  left,  in  each  view,  having  moved  from  us,  and  tl 

*  In  the  case  of  an  earthquake  fault  with  important  vortical  displacement  the  surfa 

expression  Is  a  Hmall  cllflT  or  ucarp,  and  to  Huch  a  feature  the  name  "fault  scarp**  h 

been  given;  but  this  name  does  not  servo  to  characterizo  the  feature  produced  by  t 

horizontal  displacement  of  April  IS,  lOOt).     In  default  of  an  appropriate  and  establish 

name  the  geologists  who  first  traced  the  feature  made  tentative  use  of  "  furrow  '*  a; 

**rift:**  and  the  word  rift  was  employed  in  the  preliminary  roi)ort  of  the  California  co: 

V  mission,  in  a  popular  article  by  the  present  writer,  and  probably  in  other  places.      The  co 

^  mission,  however,  in  giving  more  delilicrate  attention  to  terminology,  has  determined 

I  reaerre  the  word  rift  for  a  meaning  more  in  consonance  with  earlier  geologic  usage  ai 

4  to  rabatltnte  "fault  trace"  for  the  surface  expression  of  the  fault.     The  present  pap 

confomw  to  the  nomenclature  accepted  by  the  commission. 
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ground  at  the  right  toward  iis.  There  iw  also  a  vertical  displacement, 
the  ground  on  the  southwest  side  having  been  relatively  lifted  1  or  2 
feet,  and  the  expression  of  the  vertical  change  is  exaggerated  in  the 
lower  view  by  the  relation  of  the  horizontal  change  to  the  local 
slope  of  the  hillside.  There  is  nothing  in  the  pictures  to  show  the 
amount  or  even  the  direction  of  the  horizontal  displacement,  but 
measurements  were  made  at  neighboring  points  where  the  fault 
trace  intersects  a  road,  a  trail,  and  a  small  gully.  The  nature  of  the 
evidence  as  to  displacement  is  illustrated  by  PI.  I,  li,  which  shows  a 
dislocated  fence.  The  locality  is  on  the  farm  of  E.  R.  Strain, 
near  the  head  of  Bolinas  lagoon,  and  the  camera  was  directed 
toward  the  northeast — at  right  angles  to  the  trend  of  the  fault  trace. 
The  main  branch  of  the  fault  trace  (which  is  here  divided)  crosses 
the  foreground  from  left  to  right,  touching  the  dissevered  ends  of  the 
fence,  but  the  shear  is  at  this  point  so  smooth  that  its  surface  trace 
is  concealed  by  the  grass.  The  fence,  which  before  the  earthquake 
was  straight  and  continuous,  was  broken  across  and  offset  to  the  dis- 
tance of  8i  feet. 

Between  Point  Arena  and  Fort  Ross  the  course  of  the  fault  trace 
(see  fig.  1,  p.  3)  is  approximately  parallel  to  the  coast,  passing  to  the 
east  of  all  the  coastal  towns.  From  Fort  Ross  to  the  head  of  Tomales 
Bay  it  traverses  the  water,  except  at  Bodega  Bay  and  Preston  Point, 
where  for  sliort  distances  it  crosses  tlie  land.  It  again  enters  the 
wat«r  at  Bolinas  Lagoon,  passing  several  miles  outside  the  Golden 
Gate,  and  returning  to  the  land  at  Mussel  Rock,  whence  it  follows  a 
nearly  direct  course  to  San  Juan.    It  does  not  touch  any  large  town. 
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CRACKS. 

All  through  the  area  of  high  intensity  cracks  were  made,  and  these 
were  specially  numerous  near  ihe  fault  trace.  The  cracks  were 
also  more  numerous  in  soft  alluvium  than  in  hard  ground,  but  the 
number  which  deeply  penetrated  the  bed  rock  was  large.  Perhaps 
this  feature  is  better  expressed  by  saying  that  the  l)ed  rock  was  gen- 
erally and  profoundly  shattered,  but  without  important  dislocation 
except  on  the  old  fault  plane.  The  wide  prevalence  of  shattering  is 
shown  by  the  deraHgement  of  the  underground  circulation  of  water. 
In  every  farming  district  within  the  main  eartluiuake  belt  persons 
familiar  with  the  springs  noted  changes  in  the  flow  of  water,  rang- 
ing from  moderate  diminution  or  increase  to  complete  stoppage  or 
to  the  breaking  out  of  new  springs.  In  some  places  the  derange- 
ments wen^  temporary  only,  but  more  commonly  a  i>ermanent  change 
was  reported. 

At  the  surface  the  cracks  had  great  variety  of  expression.  Some 
were  barely  perceptible  as  partings;  others  gaped  so  widely  that  one 
might  look  down  them  several  yards.  Some  were  mere  puUings 
apart;  others  showed  small  differential  movements  of  the  nature  of 
faulting.  Some  were  solitary;  others,  especially  those  exhibiting 
faulting,  were  in  groups.  Some  straggled  and  branched  irregularly ; 
others  were  nearly  straight  for  hundreds  of  feet.  Theoretically,  some 
cracks  were  primary  as  regards  the  earthquake  i^nd  others  secondary ; 
that  is  to  say,  some  were  caused  directly  by  the  preexistent  stresses 
which  produced  the  main  fault  and  others  were  caused  by  the  waves 
constituting  the  earthquake. 

PI.  TV  shows  two  tvpes  of  s(*condarv  cracks.  In  .1  the  cracks  are 
crooked  and  without  faulting.  They  traverse  tidal  mud  near  the 
head  of  Bolinas  Lagoon  and  are  near  the  main  branch  of  the  fault 
trace,  which  follows  the  base*  of  the  bluff  seen  at  the  right.  The 
cracks  setMi  in  //  are  in  Holinas,  within  half  a  mile  of  the  supposed 
lK)sition  of  the  fault  trace.  The  gn^ater  part  of  the  village  lies  in  a 
narrow  valley  dividing  a  plateau.  The  valley  floor  is  of  alluvium, 
the  surface  of  which  curves  upward  at  the  sides.  As  a  result  of  the 
earthquake  the  alluvium  settled  somewhat  toward  the  middle  of  the 
valley,  thus  forming  along  the  bases  of  the  hills  a  system  of  cracks 
associated  witli  faulting. 

DISJ^OCATIOXS   OF  tSl  Rl  ACE  MAIKRIAJL.. 

The  district  most  strongly  affected  by  the  earthquake  is  one  in 
which  landslips  are  nornuilly  of  frequent  occurrence.  On  many  hill 
slopes  were  masses  of  earth  or  rock,  the  descent  of  which  was  sure  to 
t«ke  place  whenever  conditions  became  favorable.    The  shaking  ot 
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the  earth  on  the  moniing  of  April  18,  li)Ofi,  supplied  the  lacking 
factor,  and  they  were  all  loosened  at  once.  In  the  Kimplest  case,  a 
poised  rock  toppled  over  and  rolled  down  a  slope.  In  other  cases 
adhesion  was  overcome,  with  resultant  sliding.  In  yet  others  strains 
occasioned  by  the  sapping  of  cliffs  were  reinforced  by  kinetic  strains 
and  cohesion  was  overcome,  with  resultant  fracture.  Elsewhere  an 
unconsolidated  formation,  even  though  in  a  dry  condition,  was  made 
to  flow  by  simple  agitation.  Hillside  l>ogs  and  other  l>odies  of  wet 
earth  lost  coherence  and  flowed  as  mud.  Slips  of  this  character  grade 
into  those  of  wet  alluvium  or  "  made  ground  "  resting  upon  gentle 
slopes — ground  which  under  ordinary  conditions  flows  or  creeps  at  an 
almost  imperceptible  rate,  but  which  by  sliaking  was  made  to  move 
several  feet  or  yards  in  a  few  seconds.  The  filled  districts  of  San 
Francisco  afford  several  examples,  and  two  of  these  are  ilhistrated  by 
Pis.  V  and  VI,  B.  _The  view  shown  in  PI.  V  is  northwestward  on 
Ninth  street,  near  Ilrannan.  Before  the  earthquake  the  car  tracks 
and  curb  line  were  straight  and  approximately  level,  and  this  condi- 
tion was  not  disturbed  on  the  relatively  firm  ground  shown  in  the 
distance.  In  the  nearer  part  of  the  view  the  street  crosses  a  tract  of 
made  ground  created  by  filling  ii  valley  (rilnitary  to  a  narrow  tidal 
inlet  called  Mission  Creek.  The  descent  of  this  valley  was  soulh- 
westward.  and  the  made  ground  flowed  in  that  direction,  <-arrying 
street  and  buildings  with  it.  In  taking  the  photograph  rejinHlnced 
in  PI.  VI.  Ii,  the  camera  stood  on  ground  made  by  the  filling  of  Mis- 
sion IjngtHiii,  an  expansion  of  Mission  Creek,  and  was  pointed  north- 
ward, commanding  a  |x>rtion  of  Howard  street.  The  made  ground 
bcre  flowfd  nortbeastwai'd  nn.l  the  l.urldiiiu  nf  sir. 
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the  vertical  change  as  much  as  2  feet.  As  the  ascending  movement 
can  not  be  ascriljed  to  in'avity,  it  must  Ix*  referreil  to  the  earthquake, 
even  thougii  the  way  in  which  the  earth  waves  j)nHhiced  the  effect  is 
not  evident.  Tlie  locality  is  adjacent  to  the  fault  trace,  the  position 
of  which  is  along  the  Ix)ttoni  of  the  bay,  east  of  the  shoal. 

The  illustrations  may  require  a  fow  words  of  explanation.  The 
upper  view  of  PI.  VII  looks  northward  from  the  southwest  shore 
of  the  bay.  Tide  l)eing  low,  the  newly  fornied  shoal  or  mud  bank  is 
broadly  exposed,  but  the  receding  tide  has  left  a  lane  of  water  to 
mark  the  separation  of  the  mud  bank  from  the  firmer  ground  that 
withstood  the  quaking.  Immediately  after  the  earthquake  the  mud 
was  rigid,  as  in  the  tract  shown  in  PI.  VIII,  .1 ;  hut  l)efore  the  view 
of  PI.  VII,  J,  was  taken  ( April  :28,  IDOC)  the  surfaci*  had  been  largely 
smoothed  by  the  action  of  wind  waves.  A  single  ridge  which  es- 
caped that  action  appears  at  the  left  in  the  upper  view  of  PI.  VII 
and  in  the  foreground  of  the  lower  view. 

A.  permanent  disturbance  of  the  ground  also  resulted  in  many 
instances  from  compacting.  Just  as  sand  or  grain  that  has  been 
poured  into  a  measure  can  be  made  by  shaking  to  settle  down  and 
occupy  less  space,  so  various  loose  formations,  and  especially  arti- 
ficial fillings,  were  shaken  together  by  the  earthquake  and  the  ground 
surface  lowered.  In  such  compacting  the  particles  making  up  the 
aggregate  are  readjuste<l  so  as  to  fit  more  closely  together  and  the 
voids  are  nnluced.  In  dry  formations  compacted  by  the  earthquake 
the  reduction  of  voids  was  oj)posed  only  by  the  elasticity  of  the 
contained  air.  In  wet  formations  it  encountcMvd  the  cilVctual  resist- 
ance of  the  contained  water,  and  could  Ik»  acconi])lished  onlv  bv  the 
extravasati(m  of  sonic  of  tlic  water.  Ordinarily  it  was  impossible  to 
measure  the  settling  due  to  compacting,  or  even  to  determine  its 
occurrence  as  a  phenomenon  independent  of  ground  flow,  but  it  was 
clearly  s<»en  in  various  localities  in  San  Francisco  where  those  j)arts 
of  graded  streets  which  retained  their  simple  shapes  and  straight 
lines  served  as  ref(»rence  planes  for  neighl)oring  parts  that  were 
disturl)ed.  (Compare  the  distance  and  foreground  of  PI.  V. 
Another  exanij)le  of  the  ell'eet  on  the  lilled-in  land  in  this  part  of 
the  citv  is  shown  in  PI.  VI,  J,  a  view  of  Dore  street  between  Brvant 
and  Brannan  streets.  The  settling  of  the  soft  ground  cause<l  the 
street  to  drop  at  least  5  feet  at  this  place.) 

The  onlv  notable  water  waves  wnerated  bv  tlu*  shock  weiv  in 
Tomales  Bay,  where  a  grouj)  of  waves  estimated  to  be  <>  or  S  feet  high 
came  to  the  northeast  shore.  The  automatic  tide  gage  at  th(»  Presidio 
showed  a  depression  of  about  4  inches,  with  sul>se(|uent  oscillations 
of  similar  amount.  Water  was  spilled  from  tanks,  etc.,  and  in  at 
least  one  place  was  thrown  from  a  pool  out  on  the  laivd. 
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MOTIONS   CONKTITITTING   TIIK   KAltTHQUAKE. 

The  earthquake  occurred  between  10  mid  15  minutes  after  5  o'clock 
a.  m.j  standard  time  of  the  one  hundred  and  twentieth  meridian.  As 
time  was  consumed  in  the  propagation  of  the  shock;;,  the  moment  of 
l>eginning  at  any  place  depended  in  part  on  the  distance  of  the  place 
from  the  zone  in  which  the  disturbance  originated.  As  this  zone  was 
hundreds  of  miles  in  extent  it  is  probable  that  the  time  of  beginning 
was  not  (he  same  at  all  points  along  it.  For  similar  reasons  the  char- 
acter and  sequence  of  the  motions  constituting  the  earthquake  were 
not  the  same  at  any  two  localities,  and  the  differences  in  the  vicinity 
of  the  zone  of  origin  may  have  been  very  great.  In  and  near  San 
Francisco  the  principal  part  had  a  duration  of  alwut  one  minute;  it 
was  preceded  by  comparatively  faint  tremors  for  several  seconds,  and 
it  was  followed  by  minor  tremors.  During  (he  stronger  part  the 
motion  was  chietly  in  horizontal  directions  and  oscillatory,  but  its 
rhythm  was  irregular  in  period  and  emphasis.  On  firm  ground  in  the 
same  region  the  range  of  motion  is  l)elicved  to  have  been  more  than  2 
inches,  but  was  not  measured,  there  being  no  seismograph  capable  of 
recording  it.  On  soft  ground  the  range  of  oscillatory  motion  may 
have  been  several  times  greater,  and  it  was  also  greater  in  the 
immediate  vicinity  of  the  fault  trace. 

The  following  paragraphs  present  my  conception  of  the  essential 
character  of  the  motions  constituting  the  earthquake  in  the  region 
of  its  destructive  intensity.  In  (he  endeavor  to  make  a  brief  and 
clear  statement  the  conception  is  expressed  somewhat  badly,  with 
'  n'feivnce  t()  the  varions  uncertainties  of  fact  and  theory  by 
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At  the  initial  tract  a  small  movement  sufficed  to  relievo  the  local  '■ 
strain,  and  the  motion  nus  then  arrested  by  friction,  but  the  move- 
ment was  renewed  by  reaction  from  other  tracts,  and  it  alternately 
started  and  stopped  till  the  accumulated  stresses  had  spent  them-  : 
selves.  There  was  a  similar  i-li>*lhmic  sequence  in  other  parts  of  the 
fault, the  frequency  of  the  alternations  depending  on  local  conditions; 
and  the  total  movement  of  dislocation  at  eac)i  point  was  accomplished 
by  a  aeries  of  steps  and  not  by  a  single  leap. 

The  time  consumed  in  these  reactions  was  not  infinitesimal.  Tho 
rate  of  propagation  of  changes  in  strain  was  of  the  same  order  of 
magnitTide  as  that  of  earthquake  waves  in  general,  and  tho  rate  of 
propagation  of  the  initiation  of  movement  on  the  old  fault  plane 
may  have  Iieen  somewhat  slower  because  of  the  necessity  of  accumu- 
lating a  certain  amount  of  stress  increment  to  overcome  the  adhesion. 
It  is  probable  that  the  completion  of  the  fault  required  more  than 
one  minute,  and  it  may  have  required  more  than  two  minutes.  It  is 
even  pos,sibl('  thai  the  displacement  had  been  completed  at  the  ini- 
tial point  before  it  l)egan  at  the  most  remote. 

In  the  succession  of  slippings  and  stoppings  at  any  point  of  tlie 
fault  plane  each  separate  slip  conununicated  a  jar  or  pulse  to  the  ' 
surrounding  rock,  and  this  pulse  was  propagated  in  all  directionn.  | 
The  earthquake  at  any  locality  in  the  neighborhood  of  the   fault  I 
conwisled  of  such  pulses  from  different  directions.     The  gein-ral  dis- 
tribution of  intensity  indicates  that  the  pulses  weakened  in  trans- 
mission somewhat  rapidly,  whence  it  may  l)e  inferred  that  the  particn- 
lar  pulses  constituting  llie  dominant  elements  of  thi-  Im-al  earthquake 
were  those  from  the  nearer  parts  of  the  fault. 

If  this  wmceplion  of  the  earthquake  is  correct,  the  rhythm  obserred 
in  the  region  of  high  intensity  was  a  phenomenon  distinct  from  the 
rhyfluij  (if  Imriiionic  waves.  It  was  essentially  a  frictional  rhythm, 
dependent  on  the  relation  of  certain  rockstrains  and  rock  stn^sseB  to 
the  n'sistances  afforded  by  adhesion  and  sliding  friction.  It  was 
irregular  not  only  because  the  intervals  of  loc-al  starting  and  stopping 
were  unequal,  but  lieciinse.  it  was  derived  from  a  considerable  area  of 
the  fault  surface,  in  which  the  local  rhythms  were  neilhev  hannom- 
ous  nor  synchronous. 

The  compounding  of  unevenly  spaced  pulses  from  different  points  , 
of  the  fault  plane  canned  both  reinforcement  and  interference,  intrft' 
ducing  a  character  analogous  to  beats  in  music,  but  without  the  regii- 
hirity  of  musical  Iwats.  It  also  at  times  made  oscillatory  motions 
swifter  in  one  direction  than  the  other,  so  that  i-eciprocalive  aceelers- 
tions  were  not  always  symmetrically  arranged.  In  less  technical 
language,  the  motion  was  jerky  and  included  abrupt  phases  that  were 
almost  blows.  The  compounding  also  introduced  variety  ia  tha 
ji».,tin.i  of  motion,  -""^lonw  ,(  the  p"**  «>>>''"  *™'  «  i^(srt amms  "itaft 
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pulses  from  remoter  parts  of  the  zone  of  origin  ceased  to  be  over- 
powered by  those  from  the  nearest  parts.  The  motion  in  that  closing 
phase  of  the  violent  part  of  the  earthquake  has  been  compared  by  an 
observer  to  the  motion  of  a  vessel  in  a  choppy  sea ; '  and  I  conceive 
that  this  comparison  is  the  expression  of  a  veritable  analog)'. 

DISTRIBUTION  OF  INTKN8IT\'. 

When  the  isoseismal  curves  for  this  eurtliqiiake  are  drawn  those 
for  the  higher  intensities  will  show  a  remarkable  elongation  in  the 
north  west -southeast  direction.  They  will  also  show  irregularties 
expressive  of  high  intensity  in  the  Santa  Rosa  Valley  and  other 
outlying  areas.  These  features  are  related  to  the  position  and  form 
of  the  zone  or  zones  of  origin.  If  drawn  in  detail  they  will  show 
also  the  great  influence  of  peculiarities  of  geologic  formations.  De- 
tailed surveying  has  been  attempted  by  the  State  commission  only  in 
San  Francisco,  partly  becrause  the  results  will  there  have  tlie  greatest 
practical  value,  and  partly  because  the  data  arc  there  most  available. 
Notwithstanding  the  abundance  of  cracks,  landslides,  and  broken 
trees  in  the  region  of  high  intensity,  it  is  nevertheless  true  that 
natural  structures  in  general  are  much  less  sensitive  to  earthquake 
violence  than  artificial  structures,  and  for  that  reason  grades  of  in- 
tensity are  most  easily  mapped  in  cities. 

The  wortl  "'  intensity  "  has  various  meanings  as  applied  to  earth- 
quakes. As  technically  defined,  it  is  the  acct^leration  of  the  earth 
partil-le  and  is  n  quantity  to  l>e  measured  by  the  seismograph.  But 
the  field  of  instrumental  observation  is  so  limited  that  another  detini- 
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made  where  the  formations  are  alhivial.  Doubtless  many  of  the 
observations  are  fallacious,  depending  on  a  subjective  illusion  as  to 
the  direction  of  verticality,  which  arises  from  the  horizontal  move- 
ments of  the  observer's  support;  but  some  of  them  may  also  be 
objective.  Not  only  is  tliere  a  gradation  in  physical  condition  from 
dry  earth  through  mud  to  water,  but  the  shaking  of  a  loose  formation, 
whether  wet  or  dry,  overcomes  the  adhesion  of  particles  and  thereby 
imparts  for  the  time  l)eing  a  mobility  analogous  to  that  of  liquids. 
It  is  therefore  conceivable  that  gravity  waves,  altogether  analogous  to 
those  of  water,  may  be  produced  by  a  violent  earthquake  on  the  sur- 
face of  a  loose  formation.  Certain  ridges  on  soft  ground  caused  by 
earthquakes  in  Japan  are  inferred  by  Omori  and  Kikuchito  repre- 
sent such  soil  waves  and  to  indicate  a  wave  length  (crest  to  crest)  of 
20  to  40  meters.  The  San  Francisco  earthquake  produced  a  similar 
ridging  on  tidal  mud  in  Tomales  Bay,  the  average  ridge  interval 
being  not  more  than  half  that  of  the  Japanese  examples.  The 
Tomales  Bay  ridges  are  roughly  parallel  to  the  fault  trace  (which  is 
close  at  hand),  have  al>out  the  same  irregularity  as  wind  waves,  and 
originally  ranged  in  height  from  1  to  3  feet.  They  were  observed 
chiefly,  but  not  exclusively,  on  the  body  of  mud  already  mentioned  as 
having  been  shifted  toward  the  southwest  shore.  The  tract  shown  in 
PI.  VII  lies  so  low  as  to  be  submerged  much  of  the  time,  and  the 
ridges  had  been  so  nearly  obliterated  when  the  views  were  taken  that 
little  remained  Iwsides  an  obscure  indication  of  their  ground  plan; 
but  an  area  nearer  the  head  of  the  bay,  and  j)robably  lying  somewhat 
higher,  not  only  seemed  to  have  j)reserved  its  character  when  photo- 
graphed (April  28;  see  PI.  VIII,  .1),  but  showed  little  change  when 
visited  nine  months  later. 

Notwithstanding  the  ])ersistence  of  the  ridges  at  the  last -mentioned 
locality,  there  is  no  reason  to  question  the  statement  that  the  whole 
mud  plain  had  the  smooth  surface  common  to  tidal  flats  until  it  was 
disturl)ed  by  the  earthquake.  Nor  do  I  find  any  room  for  doubt 
either  that  the  ridges  ori^ri lifted  as  waves  on  the  surface  of  the  mud 
while  it  was  rendered  (juasi  liquid  by  violent  agitation,  or  that  they 
persisted  because  the  mud  promptly  resumed  its  normal  coherence 
when  the  agitation  e(»as(Ml.  It  is  by  no  means  equally  dear  that  the 
arrested  waves  w(»re  tnu»  <rravity  waves  rolling  across  the  mud  plain. 
Whatever  their  m(»chanisni  and  historv,  thev  illustrate  a  mode  of 
respcmse  of  wet,  unconj^olidatcd  material  to  ])()wcrful  earth  tremors, 
they  suggest  an  exj)laiiation  of  (vrtain  wavelikr  ridp's  i^roduced  on 
areas  of  made  ground  in  San  Francisco,  and  thcv  contribute  to  an 
understanding  of  the  j)eculiar  dt^structiveness  of  the  earthquake  in 
such  areas. 


THE  EFFECTS  OF  THE   EARTHQUAKE  AND   FIRE  ON 

VARIOUS  STRUCTURES  AND  STRUCTURAL 

MATERIALS. 


.  OENBRAL  DISCtrSSION  OF  THE  EARTHQUAKE  COVDITIOI^^S. 

On  the  18th  of  April,  liKlfi,  (he  whole  civilized  world  stood  aghawt 
at  the  appalling  destruction  which  visited  the  city  of  San  Francisco 
and  vicinity.  Three  weeks  later,  for  the  purpose  of  studying  the 
effect  of  the  earthquake  and  fire  on  structural  materials,  the  writer 
began  the  investigation  herein  described,  lasting  six  weeks  and  cov- 
ering the  entire  affected  territory.  It  would  be  impossible,  however, 
to  describe  the  extent  of  the  damage  adequately  or  comprehensively 
in  a  report  of  this  character.  ^Vhen  we  consider  the  terrific  destruc- 
tion wrought  in  the  surface  of  the  earth  by  the  first  movement  or 
"slip,"  which  developed  structural  weaknesses,  it  is  not  surprising 
that  this  movement  and   the  resulting  vibrations  should   prove  so 
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which  Buccessfnlly  withstood  the  first  test  failed  signally  under  the 
second,  by  reason  of  iiiadeqimte  fireproofing.  A  very  few  withstood 
both  testa  successfully. 

It  is  a  generally  Rccepled  fact  that  no  structure  could  have  with- 
stood the  Ktress&s  produced  by  the  movement  of  the  earth  at  the 
"  fault  trace,"  along  which  the  maximum  intensity  of  disturbance 
was  localized.  The  stresses  produced  by  the  vibratinnsat  other  points, 
however,  could  have  been  resisted  with  safety  if  proper  design,  first- 
class  materials,  imd  honest  workmanship — constituting  the  whole 
secret  of  earthquake-resisting  power — had  been  employed  in  the  struc- 
tures so  located.  In  toll  structures  rigidity  of  construction,  attained 
by  adequate  <liagonal  and  portal  bracing,  is  absolutely  essential.  I« 
such  buildings,  owing  to  the  inertia  of  the  mass  of  the  upper  p<irtion, 
the  maximum  bending  moment  exerted  by  the  earthquake  was  ap- 
plied at  some  point  between  the  foundation  and  the  top — generally 
just  below  the  middle.  While  i-een  forced -concrete  structures  vrett 
few  in  the  zone  of  seismic  disturbances,  these  few  stood  the  test  by 
earthquake  and  hrc  in  a  highly  satisfactory  manner,  litgidlty  and 
stiffness  and  a  high  fire  resistance  are  inherent  qualities  of  concrete, 
and  this  material  proved  admirably  suited  to  resist  these  extraordi- 
nary tests. 

The  destruction  was  greatest  In  structurea  built  on  filled  ground, 
or  on  alluvial  soils  in  the  valleys  of  rivers,  with  foundations  which 
did  not  go  through  to  solid  ground,  the  settling  of  the  earth  caused 
by  Ihe  vihnitions  resulting  in  permanent  displHcetnent  or  (listortion 
of  such  structures.  At  many  places  where  givat  destruction  ttwk 
place,  as  at  Palo  AHo,  San  Jose,  Salinas,  Santa  Rosa,  clc,  tlie  struc- 
tures weiv  built  on  soft  ground.  In  structures  built  on  scilid  ground 
or  nwk  formation  the  action  was  much  less  severe  and  was  cnniined 
to  shaking,  producing  a  maximum  oscillation  in  the  iip]H>r  {lortions 
of  the  structure. 

In  order  to  understand  properly  the  conditions  under  which  such 
destruction  as  that  c.iused  by  the  earthquake  could  occur,  one  sliOiiM 
study  the  geologic  conditions  prevalent  just  prior  to  the  earthquake. 

The  history  of  the  Pacific  coast  is  replete  with  i-ecords  of  seisinic 
disturbances,  the  enliic  region  k-ing  in  a  condition  of  unstable 
equilibrium  and  cut  by  long  rifts  in  llie  surface,  cnlled  "  faults," 
which  have  produced  a  series  of  haig.  luirrow  valleys.  The  forces 
which  produce  elevations  and  subsidemv  of  tlie  Hirfatv  also  produce 
stres,ses,  which  hnally  overcome  the  adhesion  of  llie  opposing  rift 
walls,  and  earthquakes  lake  place  in  (he  s]i|)ping  of  these  walls, 
through  8  few  inches  or  a  few  feet,  in  the  effort  to  adjust  the  stresses. 
These  earthquakes  are  of  two  classes — volcanic  aird  tectonic.  The 
former  occur  in  regions  of  volcanic  activity,  are  shallow  in  extea.t-, 
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and  affect  compai'ativelv  small  areas;  the  latter  not  only  extend  to 
a  much  greater  depth,  but  also  affect  much  greater  areas.  The 
region  north  and  south  of  San  Francisco  is  regarded  as  particularly 
susceptible  to  earthquakes  of  the  latter  type. 

A,  C,  IjEwson  has  traced  several  of  the  "  faults  "  referred  to,  and 
about  ten  yeai's  prior  to  the  San  Francisco  uarthquake  he  indicated 
the  location  of  the  present  fault  trace  south  of  the  Golden  Gate. 
His  relief  map  of  California  serves  to  show  the  lines  of  known  faults 
by  the  parallelism  of  the  ridges  and  valleys.  In  following  these 
valleys  one  finds  evidence  of  faulting  on  every  hand — the  scars  and 
markings  on  the  earth  and  rocks,  and  the  presence  of  little  lakes  or 
ponds  without  visible  souri-e  of  supply  other  than  the  watershed  of 
the  adjacent  ridges.  According  to  Lawson,  the  coast  of  California 
is  rising,  and  the  seismic  disturbances  whose  record  is  found  in  the 
rocks  have  been  produced  by  movements  in  the  process  of  upheaval 
and  subsidence,  of  folding  and  faulting,  which  are,  perhaps,  greater 
along  the  coast  of  California  than  in  any  other  part  of  the  world. 
WTiatever  may  be  the  causes  of  these  movements,  it  is  apparent  that 
the  resultant  stresses  relieve  themselves  by  producing  these  faults 
or  rifts  in  the  earth's  surface. 

The  average  Californiun  l)ecomes  accustomed  to  the  earthquakes 
which  produce  "temblors"'  of  sufficient  intensity  to  rattle  windows. 
Prior  to  the  great  earthquake  of  April  Ifi.  l!)0('i,  these  temblors 
were  of  frequent  occurrentv,  but  occasioned  no  alarm  and,  indtvil. 
scjircely  excited  a  passing  interest.  Over  two  hundred  earthquakes 
were  recorded   during  the  i>eriod   from   18."i0  to   1880,  l>eing  more 
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passing  under  the  ocean  bed  just  west  of  the  Golden  (late,  reappear- 
ing on  the  land  at  Mussel  Rock,  uild  following  the  Piliirtitos  and  Sau 
Andreas  pipe  lines  of  the  Spring  Valley  Water  Company  in  a  direct 
line  to  Hollister.  The  zone  included  San  Francisco  Bay,  Russian 
River,  and  the  Sonora,  Santa  Clara,  and  Salinas  valleys.  The  first 
movement  was  along  this  zone  in  a  ^^ontheastt^rly  dirMrtion,  and  the 
vibrations  set  np  on  all  i^ides  produced  a  continuous  twisting,  rocking, 
wrenching  movement  that  brought  down  chimneys,  walls,  towers,  etc. 
In  tlie  opinion  of  the  California  earthquake  investigation  commission 
the  slip  commenced  at  the  northwest  end  of  the  zone,  and  the  force 
which  occasioned  the  rupturing  or  shearing  movement  was  a  progress- 
ively decreasing  one  to  the  southeast  end.  As  in  the  earthquake  of 
18f>8.  the  destruction  was  greatest  in  proportion  to  the  ne^i'ness  to 
the  fault  trace,  and  in  parts  built  on  soft  or  alluvial  soil,  or  on  "  made 
ground."  Tlie  earthquake  as  recorded  by  the  seismographs  showed  a 
horizontal  niovenient  of  uboiil  3  inches  and  a  vertical  movement  of 
about  1  inch,  the  velocity  of  propagation  being  about  2.1  miles  per 
second.  The  wave  movement  was  long  and  slow  in  hani  soil  and 
rock  and  comparatively  short  and  incoherent  in  soft  ground. 

EFFECTS  ON  STRHCTIIRES  OUTSIBK   OF  SAN  FRANCISCO. 

In  considering  in  detail  the  damage  wrought  by  tlie  earthquako 
one  must  look  for  evidence  in  the  country  surrounding  San  Francisco, 
since  the  fire  in  that  city  obliterated  most  of  the  signs  of  the  damage. 

The  greatest  loss  in  the  city  of  Sau  Francisco  was  principally  the 
result  of  the  fire,  which  was  rendered  uncontrollable  owing  fo  the 
wrecking  of  the  water-supply  system  by  the  earthquake.  (See  the 
maps  of  the  city  and  vicitiity,  Pis.  LVI  and  LVII.)  An  examination 
of  the  damage  to  the  system  at  once  suggests  itself,  especially  as  some 
of  the  main  conduits  are  located  on  or  near  the  fault  line. 

The  city  is  supplied  principally  by  gravity  from  thii'e  main  dis- 
tributing reservoii-s,  viz.  University  Mound,  College  Hill,  and  Lake 
Honda;  there  are  also  two  supplementary  sources — Alameda  Creek, 
on  the  east  side  of  the  bay,  and  Lake  Merced.  The  University  Mound 
reservoir,  having  a  capacity  of  33.000.000  gallons,  is  supplied  from 
Crystal  Springs  Lake  tlirnugh  17  miles  of  44-inch  wrought -iron  pipe, 
carried  for  a  considerable  distance  on  trestles  over  the  marshes.  The 
College  Hill  reservoir  hjis  n  capacity  of  15.000.(XK)  gallons  and  is  sup- 
plied from  San  Andreas  Luke  through  14  miles  of  44-inch,  37-inch, 
and  30-inch  wrought-iron  pipe.  The  Lake  Honda  reservoir,  with  a 
capacity  of  31,000.000  gallons,  is  fed  from  Pilarcitos  I^ake  through 
16  mites  of  conduit,  1^  miles  of  which  is  wooden  ilume  and  the  re- 
mainder cast-iron  and  wrought-iron  pipe  and  brick  tunnel.  Of  the 
two  supplementary  supplies,  the  water  from  AUmedi  Creek  ia  cas- 
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ried  27  miles,  crossing  San  Francisco  Bay  tliroii^  submarine  pipes, 
and  thence  passii^  through  the  Crystal  Springs  conduit  to  the  city; 
that  from  Lake  Merced  is  pumped  into  the  Pllarcitos  conduit  and 
thence  to  the  city. 

In  company  with  Herman  Schussler,  chief  engineer  of  the  Spring 
Valley  Water  Company,  the  writer  made  a  detailed  examination  of  the 
principal  conduits  and  reservoirs.  On  the  San  Bruno  marsh  the  -14- 
inch  line  to  the  University  Mound  reservoir  had  been  thrown  off  the 
trestle  for  a  distance  of  1,300  feet;  and,  while  the  pipe  was  readily 
repaired,  the  trestle  had  to  be  rebuilt,  as  many  of  the  timbers  had 
rotted.  Near  Baden  the  line  had  been  telescoped  42  inches,  sliearing 
off  an  8-inch  gate  valve.  The  reservoir  itself  was  undamaged,  yet  its 
three  days'  supply  was  rendered  useless  by  the  breaks  in  the  caf^t-iron 
distributing  mains. 

The  only  damage  done  ti»  the  cimduit  l>etween  San  Andreas  L:ike 
and  file  College  Hill  reservoir  was  at  Baden,  where  the  slip  joint  had 
been  broken,  tearing  out  the  four  cast-iron  lugs — an  effect  indicating 
a  force  of  at  least  2.000,000  pounds. 

The  principal  breaks  in  the  Pilarcitos  conduit,  which  was  so  badly 
damaged  that  the  company  decided  to  abandon  it,  were  e.xamined. 
This  conduit  had  l>een  located  f<)r  convenience  in  one  of  the  long,  nar- 
n)w  valleys,  and  therefore  on  the  line  of  an  old  fault.  It  Im  evident 
that  it  would  be  futile  to  attempt  to  build  this  conduit  strong  enough 
.  to  withstand  a  slip  on  the  fault  line.  The  breaks  in  this  30-iiich 
wrought-iron  pipe  ranged  from  SO  inches  to  11  feet  in  length.  .Vt 
other  jKiints  it  was  telescoped  and  t\visted  Iwyond  n'pair.     (Sec  1*1. 
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point  for  50  feet.  A  brick  conduit  used  for  waste  purposes  extends 
across  the  fault.  All  the  four  rings,  of  liHrd-burned  brick,  arc  laid 
in  first-class  Portland-cement  mortar,  making  a  first-eiatis  piece  of 
work  in  every  way.  Thia  conduit,  which  is  9  feet  R  inches  in  diam- 
eter, was  crushed  together  at  the  crossing. 

The  Searsville  dam,  a  structure  similar  lo  the  San  Andreas  earth 
dam,  1  mile  east  of  the  fault  line  and  parallel  to  it,  was  also  found 
to  be  uninjured. 

Very  little  damage  was  done  to  the  pumping  stations,  and  the  steel 
Btandpipes  of  this  company  were  not  injured.  The  Lake  Honda 
reservoir  was  slightly  damaged  by  a  crack  in  its  concrete  lining.  No 
damage  was  done  to  the  Alameda  Creek  supply,  except  to  the  con- 
nection at  the  Belmont  pumping  station. 

The  concrete  dam  near  San  Mateo,  at  the  lower  end  of  Crystal 
Springs  Lake,  parallel  to  the  fault  line  and  a  few  hundred  feet  east 
of  it,  was  undamaged.  This  dam,  a  view  of  which  is  given  in  PI. 
XI,  B,  is  built  of  large  blocks  of  concrete,  thoroughly  keyed  t<^ther 
and  molded  in  place,  cudi  block  containing  between  200  and  300  cubic 
feet.  The  dam  is  tlSO  feet  long,  with  a  present  height  of  146  feel. 
When  completed  it  will  be  170  feet  high,  176  feet  thick  at  the  base, 
and  125  feet  thick  at  the  top.  It  i.s  arched  upstream  to  a  radius  of  ' 
637  feet.  [ 

The  clay-con'  cjirlh  dam  of  tlie  upper  Crystal  Springs  Lake  lies 
across  the  fault  line  at  nearly  right  angles.  This  dam  is  now  main- 
tained as  a  county  causeway,  equalizing  pipes  having  been  placed 
through  it.  At  the  time  of  the  earthquake  the  water  was  at  the  same 
height  on  each  side,  and  the  aljsence  of  any  "'  head  "  made  it  inipoB- 
sible  to  tell  the  extent  of  the  damage.  The  dam  moved  abont  fi  feet, 
however,  this  fact  l>eing  shown  clearly  by  an  offset  of  that  amount  in 
the  fence  which  runs  across  it.  The  roadway  over  the  dam  also 
shoivs  the  same  offset,  although  not  so  clearly. 

Tlie  water  supply  of  San  Francisco,  as  compared  with  that  of  other 
cities,  was  fairly  good  and  had  a  rated  capacity  of  30,000,000  gallons 
per  day.  The  failure  to  control  the  fire  by  reason  of  the  crippling 
of  the  water  supply  was  not  due  to  the  failure  of  the  system  outside 
of  the  city,  but  to  the  breaks  in  the  distributing  mains  within  the 
city,  which  rendered  unavailable  about  80,000,000  gallons  of  water 
stored  within  the  city  limits.  These  breaks  occurred  (see  the  map, 
PI.  LVI)  wherever  the  pipes  passed  through  soft  or  made  ground. 
No  breaks  occurred  where  the  cast-iron  pipe  was  laid  in  solid  ground 
or  rock.  It  is  evident  that  in  earthquake  countries  water-supply 
pipes,  at  least,  should  be  so  laid  as  to  avoid  the  action  of  slips,  set- 
tling, and  ground  movements  of  all  kinds.  The  pipe  lines  should 
also  be  arranged  with  gates  and  by-passes,  making  it  yoasiblb  U>  <saii. 
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out  any  portion  of  the  system  which  may  become  crippled.  There 
should  also  be  some  means  of  preventing  the  loss  of  water  which  is 
occasioned  by  breaks  in  the  house  service  pipes. 

AVliile  one  of  the  main  conduits  was  badly  damaged  wherever  it 
crossed  the  fault,  this  damage  was  no  greater  than  that  done  to  any 
other  structure  that  was  situated  at  the  fault  line.  Structures  so 
located  were  torn  apart,  the  gap  in  the  case  of  a  fence  (PL  T,  B)  or 
road  (PI.  I,  .1)  being  from  G  to  20  feet,  according  to  local  conditions. 
In  the  country  around  Fort  Ross  there  were  many  trees  located  on 
the  fault  that  showed  the  effect  of  the  slip.  Great  redwootl  and 
pine  trees  were  either  twisted  out  of  normal  position  or  split  (PI.  II) 
from  the  roots  up  for  distances  of  3.5  feet  or  more,  even  wlieii  per- 
fectly sound.  This  splitting  action  was  due  to  the  earth  on  the  west 
of  the  line  of  faulting  moving  the  roots  on  that  side,  a  motion  which 
tended  to  pull  the  tree  apart.  Where  the  tree  had  some  defect  or 
was  unsound  (as  from  drj'  rot)  the  action  was  even  more  marked 
and  the  destruction  much  greater.  Redwood  trees  grow  to  great 
heights  and  are  perfectly  straight,  and  to  find  one  out  of  plumb  is 
verj'  unusual. 

Another  interesting  example  of  the  effect,  of  the  slip  along  the 
line  of  the  fault  is  afforded  by  the  Southern  Pacific  Railroad  bridge 
over_Pajaro  River  near  Chittenden  station.  This  biidge  cros.ses  the 
fault  obliquely  at  a  very  acute  angle — about  10°.  It  consists  of  two 
girder  shore  spans  of  50  feet  each  and  three  Pratt  truss  river  spans 
of  about  100  feet  each.  The  piei-s  and  abutments  are  built  'of  con- 
crete, with  granite  coping  and  bridge  seats  (PI.  XI,  ,4).  The  bridge 
;ullv    nicki-d    bv    the   HiovL-iut.-nt    nf   ihf  onrth.   which    drujiffld 
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TIjo  Saratoga  i-fM-'i-voir  of  the  San  Jnse  M'litei'  Company  Hbw  iu  a 
saddle  of  llio  Santa  Cniz  Moiinlains  Ijetwwii  Ssnitoga  mul  Imh  Gatos, 
aiid  (Em  fault  lino  cruises  it  at  right  angleii,  tho  cracks  luctendiug 
through  the  body  of  the  dani.  The  reservoir  was  fnll  at  the  timer 
but  there  w&s  no  apparent  loss  of  head. 

As  already  stated,  in  tho  country  bordering  the  line  of  faulting  tho 
damage  done  was  greater  in  soft  or  alluvial  soil  or  mado  ground. 
Most  wooden  water  tanks  on  low  supports  were  wrecked,  not  only  in 
tho  vicinity  of  the  fault  line  but  throughout  the  atTected  zone,  the 
failure  l)eing  due  to  a  lack  of  lateral  bmcing  of  the  trestle  support. 
Cbinineys  generally  collapsed,  the  cause  being  the  unequal  nioveiiuint 
of  the  inelastic  brickwork  and  the  usually  elastic  frame  structure 
siin'oundingit.  Wooden  buildings  on  good  fonndat  ions  stood  well,  tli« 
ehiof  damage  being  to  the  chimneys  and  plastering.  The  alluvial 
or  soft  soil  forming  tlio  banks  of  rivers  generally  moved  toward  the 
river  under  the  earthquake  viV>rations,  the  settling  of  the  ground 
being  most  marked  (PI.  VIIT,  S).  The  country  in  the  vicinity  of 
Halinas  River  presented  intere-sling  features  of  this  eliaraclvr.  The 
county  road  eroswes  the  river  near  Salinas  on  a  wooden  bridgis  and 
the  slipping  of  the  banks  carried  the  south  abutment  6  feet  toward 
the  riwr.  The  ground  was  badly  cracked  and  there  were  a  number  of  j 
dips  in  the  neighlmrhood.  Tho  road  leading  to  Spreckela's  Hugar*! 
mill,  ■i  miles  south  of  Sulina-s,  wiis  also  gi-eiilly  thirunged  by  (bv*  slips. 
Spreckels's  sugar  mill  (1*1.  XII,  .i)  is  located  on  eoft  alluvium.  Th« 
main  building,  which  is  500  feet  long,  is  said  to  !«■  the  largcHl  KUgar 
mill  in  the  world.  The  vibrations  nf  the  earth  juiTcd  the  brickwoA 
loose  at  the  end  of  the  building,  which  buckled  in  the  middle,  when 
there  were  no  floors  abi)vu  the  s&cond  floor.  The  damage  to  othtr 
buildings  was  also  extensive.  The  town  of  Salinas  itself  was  severely 
sliaken.  The  high-school  building  and  some  of  the  buildings  on  tho 
nuiin  street  were  damaged,  chinmeys  were  thrown  down,  and  a  water 
tank  of  the  Southern  Pacitic  Railroad,  supjKtrted  on  a  steel  trestia 
near  tlio  station,  eoltapserl. 

Along  the  Bay  of  Montei-oy  the  whole  shore  slipped  about  I'J  foet 
into  the  bay,  the  movement  buckling  the  railn  on  a  railmad  trestle 
and  the  cars  dropping  ulwut  a  feet.  A  frame  house  and  surroundings 
moved  12  feet,  still  maintaining  their  relative  jHtsitions.  In  Mon- 
terey the  principal  dunnigo  was  in  the  loss  of  chinnieys  and  cracking 
of  plaster. 

At  San  Jose,  located  on  the  soft  alluvinm  nf  the  Santa  Clara 
Valley,  the  destruction  was  extensive.  The  ] losf -office,  a  very  sub- 
stantial building,  lost  its  tower,  wbith  was  laid  up  in  lime  mortar, 
and  wafl  deficient  in  lateral  bracing.  The  walls  were  of  brick  with 
■  4-iilGli  or  6-iDeh  stone  veneer,  and  there  was  a  wooden-framed  slate- 


22  THE   HAN   FRANCISCO   EABTHQUAKE   AND   FIRE. 

to  some  extent  the  building  itself.  The  damage  to  the  liall  of 
records,  along  the  end  walls,  was  due  entirely  to  defective  construc- 
tion. The  Hall  of  Justice  (PI.  XTI,  B),  which  was  completed  in 
1005,  had  the  wall  along  the  cornice  line  thrown  down.  The  reen- 
foi-ced-concrete  roof  contributed  no  little  to  the  support  of  the  walls 
of  the  building,  and  had  the  stonework  been  les.s  heavy  and  of  better 
quality  the  damage  probably  would  not  have  been  so  extensive.  The 
high  school  (PI.  XIII,  B),  a  flimsy  structure  of  brick  with  wooden 
frame,  was  so  badly  wrecked  that  it  had  to  be  torn  down  as  a  matter  of 
safety.  The  destruction  of  the  buildings  along  First  street,  the 
principal  business  thoroughfare,  was  also  extensive.  Lime  mortar, 
flimsy  framing,  poor  design,  and  lack  of  tie  between  floor  and  roof 
members  and  walls  were  the  causes  of  these  failures. 

Perhaps  the  worst  example  of  poor  design,  bad  workmanship, 
and  poor  materials  in  the  earthquake  territory,  except  in  the  city 
of  San  Francisco,  is  the  insane  asylum  at  Agnew,  about  G  miles 
northwest  of  San  Jose,  consisting  of  a  main  building  surrounded  by 
a  number  of  others — all  flimsily  constructed  brick  structures  with 
timber  frames.  The  construction  of  these  buildings,  with  their 
thin  walls  (in  many  places  devoid  of  mortar)  and  light,  insufficient 
wooden  framing,  indicates  a  criminal  negligence  that  is  appalling. 
One  hundred  and  seventeen  patients  and  attendants  lost  their  lives, 
principally  from  the  fall  of  the  central  tower  of  the  main  building. 
The  brick  stack  of  the  power  plant  and  the  towers  of  surrounding 
buildings  collapsed.  In  the  farmyard  near  by  is  a  water  tank 
supported  on  a  wooden  trestle.     This  tank  moved  about  10  inches. 
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6-iucIi  face  of  stone,  poorly  beiidecl,  eontnining  a  large  percentage  of 
siwUs,  the  lime  mortar  being  of  pood  qudlity.  The  construction  is 
fairly  common  in  other  parts  of  the  poiintry.  The  roof  trusses  were 
not  anchored  to  the  walls,  but  to  h  great  extent  were  butted  aguinflt 
the  walls;  the  floor  joists  rested  in  the  walls  and  were  not  tied. 
Under  the  vibrations  the  walls  were  pushed  out  of  plnnib  and,  having 
no  proper  connection  with  the  floor  and  roof  me.nibers,  collapsed. 

The  gyinnuF^inni  and  library  presented  interesting  feature*.  Tbo 
tlonie  of  the  library  was  supported  by  a  skeleton  of  steel,  and  although 
the  surrounding  walls  collapsed,  this  dome  was  not  damaged  (PI,  XV, 
A).  The  g\'ninasinni  dome  rested  on  intermediate  brick  walls,  which 
collapsed  with  the  dome  (PI.  XV,  B). 

The  boys' dormitory  (EncinaHall)  was  built  of  stone,  and  was  one 
of  the  buildings  erected  by  Senator  [Stanford.  The  chimneys  of  this 
structure  collapsed  and  crushed  through  the  roof  and  floors,  killing  one 
student  and  injuring  several  others.  The  walls  themselves  were  but 
slightly  cracked.  The  girls'  dorinilory  (Roble  Hall)  had  walls  of 
recnforced  conci-ete  with  wooden  floors.  The  chimneys  on  this  struc- 
ture also  collapsed,  but  no  other  damage  was  done,  the  walls  being  left 
intact,  without  any  cracks. 

Tha  memorial  arch  (PI,  XVI)  was  a  poorly  designed  structure, 
100  feet  high,  with  stone-veneered  wall.s.  The  structure  above  the 
arch  ring  was  hollow,  and  an  attempt  had  been  made  to  stiffen  it  by 
the  use  of  n  number  of  I  beams.  These  beams  were  not  tied  to  the 
stonework,  but  simply  rested  upon  it,  and  under  the  action  of  the 
earthquake  they  became  buttering  rams  and  helped  to  accomplish  the 
destruction  of  the  arch.  The  arch  as  fii-st  designed  was  75  feet  high, 
and  it  will  be  noted  that  the  earthi|uake  i-educed  it  to  the  height  orig- 
inally intended  (PI.  XVI,  fi). 

The  memorial  chapel,  one  of  the  most  beautiful  buildings  in  tliis 
country,  was  almost  completely  wrecked  (PI.  XVII,  B)  by  the  col- 
lapse of  the  tower.  A  platform  of  steel  beams  had  been  plawd  under 
the  clock  us  a  precaution  against  the  chance  falling  of  the  penduliUQ, 
and  this  platfonn  saved  the  clock.  The  damage  done  to  the  mosaic 
work  and  the  interior  decoration  is  probably  irreparable. 

The  chemical  laborutory  was  daniuged  by  falling  chimneys,  and 
gable  walls  were  pushed  i>ut  und  suffered  considerable  damage  by  tho 
collapse  of  the  assay  stack.  The  plastering  was  also  badly  ci'ackcd. 
Great  damage  was  also  wrought  in  the  power  pinnt  of  the  mechanicftl 
engineering  department  by  the  falling  of  the  stack. 

The  quadrangle,  or  main  academic  portion  of  the  university,  was 
built  by  day  labor  und  was  a  fair  piece  of  work.  The  cloister  (PI. 
XVIII,  B)  suffered  considerably,  the  bases  and  caps  of  the  columns 
being  stalled,  and  chipped,  indicating  that  they  must  have  botNcvaS^ 
j  xdkingmt 
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a  nuuibci'  o£  thein  tlie  arch  stones  had  dropped  partly  out  tif  pluce. 
The  departuieiit  of  geology  (I'l.  XVIII,  .1),  the  newly  completed  end 
of  the  qiiadranglo,  snffered  the  gn-atest  damage;  many  o£  the  walls 
will  iiavc  to  be  i-cbuilt,  having  l)een  either  craclted  very  badly  or 
destroyed  entirely.  The  plastering  was  badly  cracked  and  showetl 
the  outline  of  each  sheet  of  metal  lath,  AVhere  reenforced  concrete 
was  used  the  ceilings  were  free  from  cracks. 

The  most  interesting  building  is  the  museum  (1*1.  XIV,  ^1),  which 
consist.s  of  a  central  pavilion  of  reenforced  concrete  and  wings  of 
brick  plastered  with  cement  mortar.  The  cohnnns  of  the  central 
{Mvilion  are  solid  concrete,  having  been  cast  in  place.  This  building 
had  wooden  floors.  The  wings  were  wrecked  by  the  earthquake,  but 
the  central  jiavilion  esraiped  injury,  although  its  contents  were  more 
or  less  damaged,  principally  by  being  tihakcii  from  their  positions. 

Although  the  destruction  at  Stanfonl  University  was  very  great, 
the  character  of  construction  was  fair  and  did  not  suffer  by  com- 
parison with  that  used  in  other  parts  of  the  country.  The  excellent 
(jualities  of  reenforced  concrete  and  its  ability  to  withstand  earth- 
<)iiako  sliock  were  strongly  demonstrated. 

The  town  of  Palo  Alto  snffered  considerably  from  the  earthquake. 
Chimncy.s  were  generally  thrown  down.  A  number  of  buildings 
were  wholly  or  partly  wrecked,  the  causes  of  the  failures  being 
similar  to  those  in  other  sections,  consisting  largely  of  defects  in  de- 
sign, lack  of  adequate  bracing,  poor  mortar,  and  bad  workmayiship. 
Three  concrete -block  buildings  were  either  wholly  or  partly  destroyed 
and  have  especial  interest,  since  they  have  been  cited  as  evidence  of 
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hfihl  lliL-  walls  uiid  roof  logetlicr  mid  mntle  thorn  tnove  aft  A  unit, 
'riie  cornirc  was  rebuilt  bofi)i-e  the  vit'w  was  tiikeii.  Wliilf  biiildmgs 
of  brick  and  stoiio  colhip>td  all  iiruiiud  this  one,  it  received  practi- 
cally no  damage  and  deniunslrnti'd  that  structures  that  Trill  succees- 
fiilly  withstiind  <'Jirth<]uake  shock  win  be  built  of  concrete  blocks. 
The  other  buildings  at  Sinita  Raaa  did  not  present  any  interesting 
features,  as  fhi'v  were  nio-JtIy  defective  in  design  and  workmanship 
and  the  material  was  generally  poor.  The  city  hall,  the  court-house 
(Pt.  XIV,  B).  the  Masonic  Temple,  the  Keegali-Ilrnsh  Building,  and 
the  St.  Rose  Hotel  were  all  completely  wi-ecked,  and  added  their 
testimony  against  poor  mortar  in  brickwork,  light  wooden  frames, 
and  insufficient  bracing. 

Towns  like  Berkeley  and  Oakland  did  not  sutfer  as  greatly  from 
the  ejirthquake  as  many  neighboring  towns,  the  reason  lying  in  the 
fact  that  these  towns  are  built  on  solid  ground  or  on  rock.  In  Berke- 
ley, while  chimneys  were  .shaken  down,  there  was  no  extensive  earth- 
qtiake  damage.  The  (Jreek  Theater,  a  massive  structure  of  concrete, 
was  uninjured.  In  Oakland,  however,  greater  destruction  <»c*:urred. 
Just  otit^ide  of  Oakland  is  located  the  Mills  College!  for  Girls.  The 
science  building  hud  brick  watb^  plastered  with  cement  mortar, 
and  was  cunsiderably  daiiiaged  liy  (he  sliuking  it  received  and  tho 
falling  chimneys.  The  building  had  wowlen  floors  and  yras  con- 
siderably racked,  the  walls  being  pushed  out  slightly.  Within  a  few 
feet  is  the  bell  tower  (PI.  XX,  S),  a  reenforced-conei'et*'  striictiii'fl 
80  feet  hiph  with  walls  4  inches  thick,  whieli  was  not  damaged  in  tlie 
Rligbte»t  degree. 

F  CONDITIONH  IX  SAN  FltANCISt'O. 

GENERAL  EARTHQUAKE  CONDITIONS  AND  EFFECTS. 

Within  the  city  of  San  Francisco  (see  the  map,  PI.  LVI)  the  havoo 
wrought  by  the  eartlKpiake  dei>ended  on  the  character  of  the  con- 
struction and  its  fouuihitiou.  Bordering  San  Francisco  Bay,  frum 
Telegraph  Hill  to  Mission  Cri-ek,  the  hind  consists  of  iniid  Huts,  whicii 
have  l>een  gradually  filled  in,  and  on  this  land  many  large  com- 
mercial buildings  hail  l«'eii  erected,  among  others  lieing  the  Unimi 
Ferry  building,  the  ptisl-oflice,  the  mint,  and  the  custom-house.  ■ 
Adjoining  ihis  filled  land  was  comparatively  level  ground  composed 
of  saii<l  and  clay  formed  by  the  wearing  away  of  the  hillsides  and  by 
the  incoming  sand  from  the  seacoast — a  fringe  of  soil  on  which  were 
located  many  of  the  ])rincipal  buildings.  From  Telegraph  Hill 
southwestward  along  Russian  Hill  to  Sutro  Heists  runs  a  ridge  of 
rocky  hills  composed  of  indurated  clay  shale,  with  serpentine  anidL 
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The  HigtiH  of  <leHtriK;lion  wrought  l>v  the  earthquake  in  the  city  of 
Hati  Fraiiriwo  wen-  mort'  or  I<w.s  (>l>sciired  or  in  many  places  entireh 
oblibirateil  by  the  tire.  The  best  evidence  of  the  earthquake  can 
therefor*!  \)f  obtained  outside  the  biirne<l  district,  and  the  following 
notes  cover  the  mosrt  important  examples  of  damage  due  to  the 
enrtliqiiakn  alone. 

Am  in  districts  outside  of  San  Francisco,  the  greatest  damage  was 
done  to  those  structures  having  insufficient  foundations  built  on  soft 
iilhiviuni  or  fillwl  ground.  The  settling  of  the  ground  in  the  mm! 
flats  along  San  Francisco  Bay  and  of  the  filled  ground  in  old  watT 
conrw's  was  accompanied  with  great  destruction.  It  was  in  sncli 
ground  that  the  greatest  number  of  breaks  occurred  in  the  cast-iron 
gas  and  water  mains  and- the  sewers.  The  breaks  in  the  sewers  wen' 
not  si>  evident  as  those  in  the  gas  and  water  mains,  for  the  reason  that 
the  latter  won^  under  pressure  and  breaks  in  them  resulted  in  breaks 
in  the  stnwts  themselves.  The  most  noticeable  destruction  resulting 
fnmi  tile  settling  of  soft  or  filled  ground  occurred  in  Howard  and 
Hhotwell  streets  l)etween  Seventeenth  and  Eighteenth  streets,  Bryant 
street  Ix'twen  Ninth  and  Tenth  streets,  Dore  street  between  Bryant 
and  llrannan  streets  (PI,  VT,  .1),  and  at  the  comer  of  Seventh 
and  Mission  streets.  The  settling  was  greatest  in  Howard,  Dore,  and 
Bryant  streets,  l>eing  in  l)ore  street  at  least  5  feet. 

On  solid  ground  the  earthquake  had  a  rocking  effect  which  pro- 
dmMHl  X  cracks  {PI.  XXII,  .1)  in  the  brick  or  stone  walls  of  those 
buildings  which  were  deficient  in  diagonal  bracing.  This  was  espe- 
cially true  in  the  upjM'r  stories  of  tall  buildings,  the  cracks  generally 
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and  the  poor  (iiinlity  of  the  mortar  used  in  the  brickwork.  Again, 
in  the  Huhneiiiaiiii  Medical  Coilef;;*'.  on  Califomiii  street  netir  Maple 
street,  the  destriit-tiori  of  th«  end  walls  was  the  result  of  bad  design,, 
the  roof  trusses  butting  iigHin^t  the  walls  and  the  tloor  timbers  resting 
upon  the  walls  without  adequate  tie.  The  poor  quality  of  the  mor- 1 
tar  permitted  a  ready  disintegration  of  the  brick-veneered  walls, , 
although  some  band  iron  had  been  nsed  for  the  purpose  of  strength- 
ening them.  The  Cathedral  of  St.  Dominic,  with  its  high,  unbraced 
brick  wall.'i  and  its  peculiar  wood-sheathed  spires,  alw)  proved  a 
victim  of  poor  design  and  workmanship;  the  sheathing  on  the  spires 
was  shaken  off  and  the  collapse  of  the  walls  resulted  in  extenetiTe 
damage  to  the  interior. 

In  interesting  contradistinction  to  these  failures  was  the  Sailors' 
Home,  erected  in  IHri8  for  use  as  a  marine  hospital  and  condemned 
as  unsafe  after  the  earthquake  of  1808.  Its  heavy  brick  walls,  reen- 
forced  with  band  iron  and  further  stiffened  by  cross  walls  thoroughly 
bonded,  are  in  excellent  condition.  The  building  rests  upon  rocic 
and  the  framing  is  excellent;  the  rafters  are  fastened  to  a  wall  i 
plate  which  ties  the  walls,  causing  the  structure  to  move  as  a  unit. . 
Tlie  oidy  cracks  occurred  where  partition  walls  which  had  been  addedil 
were  shaken  loose  from  the  main  walls  and  around  the  archwayal 
leading  to  the  main  stairway  on  the  second  and  third  floors,  wbere| 
no  extra  stilfening  of  the  walls  had  been  provided.  The  building  in 
all  other  respects  suffered  no  damage,  there  being  no  new  crack» 
apparent  in  the  exterior  walls. 

The  old  red-tiled  Spanish  Mission  Dolores  (PI.  XXIII,  B),  buiU 
in  1777,  with  its  adobe  walls  and  wooden  frame,  was  nol  Injured, 
while  its  more  modern  sucres,sor  was  greatly  damaged.  The  com- 
plete collapse  of  the  tower  of  the  new  Mission  Dolores  was  not 
brought  about  directly  by  the  earthquake,  hut  the  damage  was  such 
that  the  tower  bad  to  be  taken  down,  as  shown  in  I'l.  XXIII,  S. 

The  group  of  buildings  comprising  the  plant  of  the  San  Francisco 
Oas  and  Electric  Light  Company,  built  on  the  soft  ground  alonf 
San  Francisco  Bay  just  west  of  Fort  Mason,  was  badly  shaken,  and 
none  of  the  buildings  escaped  damage.  The  collapse  of  the  .'itack 
wrecked  the  light  slate-covered  iron  roof  of  the  power  house  and 
riarted  the  fire  that  destroyed  the  roof  of  the  boiler  bouse.  The 
ground  settled  very  considerably  under  the  vibration^  of  the  earth- 
quake, and  further  destrucliou  was  caused  by  the  uucqual  settling 
of  the  building.  The  main  shock  appeared  to  come  from  the  north, 
and  the  north  wallis  received  the  givatol  ilamage.  The  end  wall  of 
the  retort  house  was  p>ished  out  1  foot  at  the  center,  but  was  saved 
from  collapse  by  the  tie-rods  which  held  it  to  the  roof  truss.  The 
walls  were  cracked  at  the  northwest  and  northeast  cotvwt?,.  Tsj» 
iintl  f!ns'liir  holder  liouse^s  were  wrt  -     -     -      -        _^  , 
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roof  trusses  coilapKinji.  Nciirly  every  wall  was  moved  slig'itly,  but 
tlie  hriclvwork  was  <renerjilly  verv  fxiiod,  mid  !i|>pai'('iilly  liad  cement  in 
it.  The  t'xhaiist  house  Iiad  liiree  intei-niodiate  walls,  IS  inches  thick 
at  the  to|».  The  north  wall  and  the  next  oiii'  fell  iiilo  the  building, 
tiie  side  wnlls  being  pnsheil  ont  !>  inches.  The  building  hiid  wooden 
roof  trusses  iind  the  iir)rth  truss  cracked  at  the  center  mortise.  The 
floor  settled  badly  around  the  condensers.  The  gas  holder  collapsed 
fi-oin  the  sudden  ivlease  of  the  gas  due  lo  a  break  in  the  mains.  The 
trestle  pier  extending  into  the  hay  also  collapsed. 

Most  of  the  structures  built  cat  piles  along  the  bay  suiTered  consid- 
erable dannige.  es|)ecially  the  frame  sheds  on  the  wharves.  Tlie 
Union  Ferry  Building  (PI.  XIA^I,  .1).  the  terminus  for  all  the  fer- 
ries plying  on  the  Iwiy,  is  built  on  piles.  It  was  more  seriously  dam- 
aged by  the  enrlliquake  than  would  apiwar  at  first  sight,  and  barely 
epca]>ed  the  fire  also.  It  is  of  interest  to  consider  in  some  detail  the 
behavior  of  this  structure  under  the  action  of  the  earthqilake.  The 
len-story  tower  was  so  seriously  daniiiged  as  to  require  the  removal  of 
the  masonry  walls,  and  will  jtrobably  have  to  he  rebuilt.  This  tower 
consists  of  a  steel  frame  which  was  inclosed  with  heavy  sandstone 
walls  backed  with  brick  for  several  of  the  lower  stories,  and  with 
sheet  metal  al>;)ve.  The  floors  above  the  nutsonry  part  were  of  stone 
concrete  n'cnforced  with  expanded  metal  l«'tween  I  beams.  The  brick 
walls  were  badly  shattered,  and  r  large  section  was  thn>wn  ont  just 
lielow  the  clwk  on  the  west  front,  while  on  the  east  front  n  large  mass 
fell  through  the  skylight  onto  the  npiier  story  of  the  main  building. 
There  were  but  few  <Tai-ks  in  the  north  an<l  south  walls.    The  steel 
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Iwii  iif  till'  rivets  hnlclin^  the  clip  support  for  the  west  girder.    The 
IliKir  (if  the  niiiiii  hiiiliiing  cnnsisteil  nf  gruiiieU  arches  of  wtoiie  «)U-    i 
(.■rete  springing  from  eoncrete  piei^s  supported  by  chister  pih'f.    The   . 
self-supporting  walls  of  sandstone  backed  with  brick  were  more  or   j 
less  shaken,  and  the  piers  of  the  driveways  were  badly  cracked;  the  t 
floors  were  of  stone  concrete  reenforced  with  expiinded  metsl  betweeai 
I  lieams  and  supported  by  cast-iron  columns.     The  concrete  in  this 
building  npi)eured  to  \k  undamaged. 

Most  of  the  i^ntrimces  to  the  cemeteries  were  wholly  or  partially 
wrecked,  and  the  burial  vaults  and  gravestones  were  all  more  or  lesa 
disarranged.  It  has  been  estimated  that  perhaps  (iO  jwr  cent  of  the 
monunienLs,  vaults,  etc.,  in  cemeteries  were  overturned  or  irinved. 

In  Golden  Gate  Park  nearly  every  stone  or  brick  structure  was 
damaged.     The  emergency  hosi)itHl,  a  single-story  brick  and  stone- 
veneered  building,  loi^t  its  gable  walls  and  was  damaged  in  the  same 
manner  as  other  stnu-liircs  luiving  itnproperly  bonded  walls  laid  in 
lime  mortar,  and  deficient  in  ]»roper  ties  belween  Ibe  masonry  and  the 
other  structural  parts.     TTie  gable   walls  of  the  n'stiiurunt   in   the 
children's  playgi-uund  were  thrown   down   by  the  eartlKiuake.   but    | 
the  greatest  damage  residted  in  the  settling  of  the  foundation  of  oim  J 
of  the  columns,  which  caused  the  collapse  of  the  structure.     Tho  J 
music  stand,  a  stone-veneer  brick-backed  structure,  was  racked  and. 'I 
shaken.     Part  of  the  pediment  wns  shaken  loose,  and  many  of  the 
columns  were  spalled  and  moved.     Some  of  the  walls  of  the  museum 
were  thrown   down,  and   its  contents  were  more  or  less  damaged. 
All  the  monuments  were  damaged.     The  Francis  Scott  Key  monn- 
ment  (PI.  XX,  .1)  was  racked  so  badly  that  the  arch  stones  were 
shaken  loose,  the  colunnis  spalled  at  cap  and  base,  and  the  monument 
as  a  whole  moved  on  its  foundiitions. 

The  most  interesting  structure  in  Golden  Gate  Park  is  the  cyclo- 
rama  (PI.  XXIII,  .1),  on  the  top  of  Strawlx-rry  Hill,  built  a'bout 
fifte«>n  years  ago.  The  top  of  the  hill  had  IxK^'n  leveled  off  in  order  to 
form  a  foimdation.  The  cvdoranui  consisted  of  circular  walls  of 
reenforce<l  concrete,  the  aggregate  of  which  was  a  hard  shale  crushed 
to  concrete  size.  This  niateiial  was  very  inferior  and  yielded  a  poor 
concrete.  The  redd isii -brown  effect  was  obtained  by  means  of  a 
veneer  (IJ  to  4  inches  thick)  of  a  concrete  consisting  of  crushed  brick, 
sand,  and  cement.  The  rwuforcement  in  the  base  consisted  of  four 
|-inch  cables  of  thirty  striinds  each.  The  reenforwnient  of  the 
columns  consisted  <if  ij-incii  twisted  bars  and  J-inch  stirrups.  The 
entrance,  with  its  very  heavy,  massive  lop,  shouhl  have  Ix-en  of  hol- 
low-construction reenforced  concrete.  The  settling  of  the  foun<lation 
or  fill  under  the  vibration  of  the  earthquake  caused  the  structure  to 
Gollapee.  The  slip  (PI.  XXII,  B)  occurred  principally  on  the  narttt- 
le  moremen 
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the  base  wa^  about  11  inches  wide,  with  »  lialf-inch  horizontal 
crack  leading  from  it  along  tlie  roe  n  force  men  t.  The  floor  is  in  good 
condition,  except  the  pavement,  which  broke  into  blocks,  most  of  the 
planes  of  fracture  coinciding  with  the  actual  joints  between  the  dif- 
ferent sections.  Under  the  circumstances — the  undermining  of  the 
foundation  bv  the  wlip  as  described — the  Htnictnre  developed  remark- 
able strength.  Xo  brick  or  -stone  structure  could  have  Rtood  the  shock 
so  weil.  The  ruHtic  railing  aronnd  the  outside  of  the  walk  (PI. 
XXII,  B),  which  was  of  wrought-iron  pipe  covered  with  wire  mesli 
and  plastered  with  Portland-cement  mortar,  was  distorted  by  the  slip, 
but  otherwise  uninjured. 

At  the  bottom  of  Strawberry  Hill  is  a  bridge  crossing  over  Stow 
Lake.  This  bridge  is  made  of  concrete,  and  showed  no  signs  of 
cracking,  although  the  banks  of  the  lake  slipped  into  the  water. 

BEHAVIOR  OP  INDIVIDUAL  STRUCTURES. 

nENBRAL  STATEMENT. 

The  numerous  fires  that  broke  ont  all  over  the  city  ■were  doubtless 
caused  by  the  collapse  of  clitmneys  and  the  breaking  of  electric  con- 
nections. These  firefi  were  at  first  confined  to  the  territory  south  of 
Market  street,  and  it  is  said  that  by  8  a.  m.  on  the  morning  of  April 
18  more  than  fifty  fires  were  recorded.  The  early  failure  of  the 
water  mains  rendered  the  city  helpless  and  placed  it  at  the  mercy  of 
the  flames,  the  fury  of  which  for  three  days  threatened  to  complete 
one  of  the  gteatest  disasters  of  recent  years  and  to  obliterate  one  of 
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convenience  are  arranged  in  alphabetical  order,  cover  the  stractures 
not  previouwly  mentioned  that  were  inspected  by  the  writer,  tli« 
total  nnmber  embracing  nearly  every  building  tliiit  wos  left  staml- 
ing  in  the  burned  district.  The  locations  of  iheMe  bnildings  can 
be  found  by  ivference  to  the  map,  PI.  LVI.  and  tii  the  panorama, 
PI.  I.V. 

ACAIIKMY   '>K    WIFNfKr*    Ill'ILIIINfl. 

The  Academy  of  Sciences  biiililing.  81!)  Market  street,  views  of 
parts  of  which  are  sliowii  in  Pis.  XXIV,  J.  Jind  XXV.  B,  was  of 
ordinary  concitite  conHtruclion  und  six  stories  high,  and  was  com- 
pletely destroyed. 

A  six-story  annex  having  brick  walls,  concrete-filled  cast-iron  col- 
umns, and  reenforwd -concrete  flwjrs,  was  connected  to  the  main 
building  on  the  rear.  Tlie  brick  walls  of  the  annex  were  badly 
cracked  by  the  earthquake,  and  the  building  was  subsequently  com- 
pletely gutted  by  fire.  The  structure  itself  passed  through  a  fairly 
hot  fire  successfully,  although  surrounded  by  buildings  which  were 
completely  wrecked.  Plaster  of  Paris  was  used  on  the  concrete-filled 
cast-iron  columns  and  seemed  to  stand  fire  much  better  than  lime  mor- 
tar. These  columns  are  shown  in  PI.  XXV,  It,  a  view  taken  from  i 
the  third  floor  looking  southeast.  An  interesting  feature  of  the  | 
building  was  the  concrete-filled  cast-iron  colunni  that  supported  the 
south  wall.  Owing  to  the  unequal  expansion  of  the  cast  iron  and  the 
contrete  the  cast  iron  failed,  bulging  from  the  heat  und  cracking  on 
cooling,  as  shown  in  PI.  XXIV,  .1.  The  ^-inch  iir  1-inch  thicknens  ' 
of  concrete  which  covered  the  reenforeing  bais  proved  insufficient  in 
the  basement,  where  the  fire  was  fairly  hot.  The  heat  expanded  the 
bars,  thereby  ripping  off  the  concrete  layer  and  leaving  the  pods 
exposed, 

;etna   (viuTNii,  IIR  coMMissAnvi   lU'ii.niNr.. 

The  five-story  .Ktna  Building  (I'ls.  XXIV.  R;  XXV,  A;  XXIX, 
B),  on  the  southwest  cmiier  of  Spciir  .iiLd  Miirket  sti-ccts,  was  occu- 
pied by  the  Sellers  lirotliers  Ibinhvuri'  (.'uuipaiiy.  It  was  built  on 
piles  and  had  st-lf-supporting  walls  uf  gray  granite,  pressed  bridi, 
and  terra  cotta.  The  steel  columns  and  girders  were  fireproofed  with 
expanded  metal,  plastt-red.  The  expaiided-metnl  nM'nforccil-concrete 
floors  rested  upon  stei'l  fjirders  with  iutcriiii'diiitc  i'il)s  of  concrete 
supported  by  .'i-inch  by  J-inch  bands  of  steel  without  firei»ronfiug 
which  hooked  onto  the  top  flanges  of  the  girdei-. 

One  panel  of  the  fifth  fl(H)r,  which  was  ratlier  heavily  loaded  with 
tin  plate,  collapsed  because  of  the  expansion  of  the  above-mentioned 
steel  bands  from  the  heat,  which  was  sufficient  to  volatilize  the  tin 
* —  "-T  middle  sheets  of  the  pile.    TW  laW  ol>jBa\a»A  "A"'™ 


82  THE    SAK    FRANCISCO    EABTIIQUAKE    AND    PniE. 

plate  cause<l  the  failure  of  tiie  third  floor,  as  t^howii  in  PI.  XXIX,  B, 
The  pliistcr  prottH-t ion  of  tlu>  roliiinns  wiis  in  fair  L-onditioii,  ami  thi- 
columns  were  nninjiire<l.  The  pniici]>iil  dnmitgc  from  earthquake 
was  to  the  brick  walls,  the  south  and  west  walls  showing  a  number  of 
<Tacks.  The  granite  trimmings  around  the  door^vaj  and  (he  terra- 
cotta trinmiings  of  the  building  were  badly  spalle<l  by  the  fire,  as 
shown  in  PI,  XXIV,  li.  The  basement  floor,  whieh  was  of  concrete 
7  or  8  inches  thick,  was  pushed  up  under  the  sidewalk,  reducing  the 
headroom  at  this  point  from  8  feet  to  SJ  feet,  approximately.  This 
bulging  was  probably  caused  by  settling  (PI.  XXV,  A),  as  the 
foundation  piling  did  not  extend  under  the  sidewalk. 


Ari'RAISERS^    WAREIIOrSE    (UNITED   S 


fUSTOM-IIorSE), 


The  four-story  eustom-house  building,  on  Jackson,  Washington, 
ami  Ilattery  street,'^,  shown  in  PI.  XXVIII,  .4,  passed  through  both 
eai-thquake  and  fire  without  injury,  although  located  on  the  alluvial 
flats.  All  the  buildings  around  it  were  biirnetl,  but  the  fire  did  not 
gain  a  foothold  in  (his  building,  and  there  was.  then-fore,  no  fire  test. 
As  an  example  of  successful  re.sistance  of  the  earthquake  test,  how- 
ever, this  building  stands  as  a  favorable  testimony  to  first-class  mate- 
rials and  workmanship.  The  walls  were  of  brick,  with  granite 
ornainenlation.  and  (he  roof  was  slate  covered.  The  partitions  and 
cross  walls  were  all  of  solid  brickwork,  and  the  only  damage  that  (hey 
sustained  consisted  of  a  few  cracks  in  the  archways  near  the  stairways 
on  the  n]>per  floors. 


A  RON  SOX    lirilJMXO. 
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VAN  AND  STIII{.\(JK  (TiMrANVS  mHI.IlINO, 


Tlie  liiiildin^  in  process  of  constrnction  liv  tlip  Bokins  Van  and 
StonifTc  Ctiiiipaiiy,  at  the  comer  of  Thiftwntii  uiul  Mission  streets, 
\vJl^  llie  iinly  exaniple  of  the  pure  ty|)e  of  reenfoi'ced  concrete  in  the 
'■ily  (PI.  XXVn,  .1),  Two  of  the  six  floors  were  erected,  the  walln 
lieing  made  of  brick  hiiil  iii  lime  morbtr  and  the  floors  and  columns  of 
reenforced  coricrcle. 

The  walls  were  badly  cracked  by  the  earthquake,  but  the  reenforced 
concrete  was  not  injured.  Considerable  fnrnitnre  stored  in  the 
hnilding  whm  bnnied,  and  the  heat  Hlightly  blist(?red  the  under  surface 
of  the  concrete  floor,  which  was  still  green  at  the  time  of  tlio  disaster. 

Ill  LUJI  K    /t    JONElj    Bl^LLmNti. 

The  Itnllock  .t  -lonos  linililin<r,  on  Siillfr  ^^Ireet  west  of  Mont- 
gomery Htrect,  i>  an  eif;;hl  — 1 1 iry  Mrel  skeleton  willi  (l(H>rH  of  reenfoi-cetl 
cinder  eoncrotc,  hollow-lili-  p;irlrlions  and  ((iliituii  protection,  and 
IxMtring  walln  of  ornamenUil  terra  cutta  and  tcrra-cotta  pressed  brick. 
The  reenforced -concrete  floor  arches  were  luinnched  between  steel 
giniers,  bnt  were  not  eoiitiniioiis  over  the  girriers. 

The  earthquake  damaged  the  oitL'dde  very  cnn»iderahly.  The  build- 
ing is  of  rather  flimsy  constrnction,  and  it  is  a  wonder  that  the  fire 
(lid  not  wreck  il.  The  terra  rottu  was  badly  spalled  by  Ihe  fire, 
especially  aronnd  the  windows,  and  the  lioHow  tile  failed  badly,  both 
in  partitions  and  as  cohinm  protection.  The  3-inch  terra-cotta  parti- 
tions failed  generally,  and  several  columns  budded  on  the  third  and 
eighth  floors  (PI.  XXVI,  .1).  The  elevator  inclosure,  which  was 
plastered  on  expanded  metal,  failed,  as  did  also  the  cast-iron  stair- 
ways. The  wood  covering  of  the  floors  and  tbe  wooden  nailing 
strips  were  burned.  The  <'oncrete  floor  is  in  excellent  condition.  A 
few  panels  collapsed  where  the  steel  giniers  were  displaced.  The 
distorted  unprotected  [(earns  and  girders  around  openings  show 
strikingly  the  folly  of  unprotected  steel  work. 


(■.\SKET  COMI'ANYS   Etl'ltJllNd. 


The  building  which  was  in  proces.s  of  ronstrurtion  on  Mission 
street  l)etween  Fifth  and  Sixth  streets  by  the  California  Casket  Com- 
pany was  seven  stories  in  height  and  had  a  steel  skeleton  and  floors  of 
reenforced  cinder  conrrolc.  The  self-supporting  walls  were  bnilt  on 
the  sides  and  rear  of  brick  and  on  the  front  of  brick  faced  with 
sandstone,  which  was  spalled  by  the  heat,  although  there  was  no 
stock  and  little  combustible  material  in  the  building.    The  columns 
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were  fireproofed  witli  ooiicrete.  The  brick  protection  around  iiiHiiy 
of  the  coliimiis  was  jarred  loose,  and  the  brick  vaults  on  the  first,  sec- 
ond, iiiid  third  floors  were  Imdly  rracked  armmd  the  archways  of  the 
o|H'niii^  into  them,  as  shown  in  PI.  XXIX,  .1.  a  view  of  a  vault  in 
ihc  second  story.  The  stairways  were  instructed  of  concrete  with 
^teel  channel  horses  and  were  cracked  in  n  number  of  places,  espe- 
cially at  the  landings.  Some  of  the  wootlen  window  frames  were 
burned,  but  the  fire  was  not  very  severe  either  in  the  building  or  snr- 
ixinnding  it,  the  greate.'it  damage  resulting  from  the  earthquake. 
Tlie  partitions  inclosing  stairways  and  elevator  shafts  were  of  the 
usual  flimsy  metal  lath  inid  plaster  tyiK'.  The  walls  were  so  badly 
cracked  as  to  re<|nin'  partial  ii'buildiug.  es|)ecially  at  the  southwest 
an<l  northwest  corners. 

CAIJ.    (lI,.M"S   SfKKCKEIJ^^    ltt'IU)tNO. 

Tlip  Call  Htiilding  (fif(e(.>n  stories  liesides  the  dome),  corner  of 
Third  and  Market  streets,  was  one  of  the  l)est-designed  skeleton  build- 
ings in  San  Francisco.  It  was  fairly  well  braced  laterally,  and  the 
workmanship  was  first  class.  It  stood  the  earthquake  shock  well  be- 
cause of  its  e.Kcellent  foundation,  which  extended  2,5  feet  below  the  side- 
walk and  consisted  of  a  grillage  of  steel  beams  embedded  in  concrete. 
The  main  defect  was  in  the  fireproofing  of  the  floors  and  coliHnns, 
In  which  terra  cotta  was  used,  and  the  greatest  damage  to  the  build- 
ing was  from  fire.  Although  some  of  the  diagonal  braces  were  bent 
and  had  apparently  been  stretched  s<»  as  to  take  a  ]>ermanent  set,  the 
;jcin'ijil    U-iiinioi-    of    ihc    hlnicHnv    deiuuii>trHtt>    ihal    liigh    build- 
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The  Chronicle  buildings,  corner  of  Markt-t  anJ  Kearney  stT 
«)itiprised  an  uld  ten-story  stnivtiii'e  and  a  new  tifteen-^tury  annex 
that  was  in  process  of  construct  inn,  Iwth  ahown  in  PI.  XXX,  H.  The 
old  building  conaiHted  of  steel  Iminis  and  protected  cast-iron  cxilnnins, 
with  Hf-lf-wiipporting  walls,  which  hud  a  brownstone  front  np  to  the 
second  story  and  weri;  ornamented  with  terra  cotta  above.  The 
floor  was  of  hollow  tile,  filled  with  c-inder  concrete  and  covci-ed  with 
wood.  The  cast-iron  columns  were  fireproofcd  witli  3-inch  li*illow 
til<!,  an<l  4-inch  hollow  tile  was  used  for  the  partitions.  The  teiTa- 
cotta  partitions  and  fireproofing  entirely  collap-sed.  The  hiiilding 
iipjxmrefl  to  have  stood  the  earthquake  shock,  and  received  its  prin- 
cipal damage  through  the  fire.  The  collapse  of  the  western  section 
<if  the  building  was  probably  due  to  the  buckling  of  the  ca.'^t-iron 
columns. 

In  the  annex  terra-cotta  hollow  tile  was  used  for  the  floor  con- 
stmctton,  4-inch  hoUow.tile  for  the  partitions,  and  !i-inch  hollow 
tile  for  fireproofing  the  coliuiins  and  girder.-;.  The  cnrtain  walla 
were  built  of  sandstone,  witii  terx-a-cotta  trimmings  for  the  front 
walls  of  the  first  and  s(>eond  stories,  and  brick  and  terra  cotta  for 
the  remainder.  The  buUdiug  was  racked  considerably  by  the  earth- 
4|uiike,  the  front  walls  developing  the  characteristic  X  cracks  (a 
number  of  which  may  be  perceived  by  a  close  inspei:tion  of  PI. 
XXX,  B).  due  to  a  lack  of  diagonal  bracing  of  the  steel  skeleton. 
The  tiling  failed  extensively,  the  lower  webs  spalling  otT  and  the 
columns  buckling  in  the  southwest  comer  on  the  upper  tltiors  alxtve 
the  roof  of  the  olil  Chronicle  Riiilding,  There  was  little  combustible 
material  in  the  building,  and  the  trim  had  not  started;  a  few  of  the 
wooden  window  frames  only  burned;  so  that  the  fire  test  was  not 
g:reat. 

(-ITV    ilAI.I.    AND   HALL   OV    llKCUliOS. 

The  city  hall  (PI.  XXXI)  wa.s  n  brick  building,  at  City  1I«U 
ovenue,  Larkin  streel,  and  McAllister  street,  consisting  of  steel  floor 
beams  and  corrugated- iron  arches  with  cinder-concrete  tilling.  It 
was  wrecked  by  the  eaithqiiake  and  subsequently  gutted  by  the  fire. 
A  prominent  feature  was  a  central  tower,  suonounted  by  a  dome 
built  over  a  structural  steel  skeleton.  Crouped  around  the  dome 
were  a  number  of  cast-iron  columns  of  half-inch  metal  filled  with 
brick  concrete  supjjorted  on  brackets.  Some  of  these  columns  in 
falling  broke  into  small  piect^s.  The  brickwork  was  completely 
shaken  from  the  central  tower.  The  ceuienl- plastered  brick  walls 
wei'e  laid  in  lime  mortar  of  generally  poor  quality  and  without 
adeoiiat<>  tip  to  the  Steel  work.     Tii  some  places  ttvttT:^  -^tt.*  'ft.w  ^tosauaa. 
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of  any  mortar,  but  in  otiiers  it  was  very  good,  tlie  brick  walls  falling 
ill  large  masst'S  and  tin-  broken  bricks  whowing  the  mortar  to  have 
been  the  stronger.  The  massive  architectural  ornamentations  were 
top-hea^-y  and  lacked  adequate  bracing.  The  ceiling  was  formed  of 
corrugated  metal  against  which  the  mortar  plaster  was  pressed,  with 
intermediate  brick  partitions  where  the  span  of  the  beams  was  too 
great.  The  expansion  of  the  corrugated-iron  arches  by  the  heat 
produced  a  rise  at  the  crown,  and  the  softening  of  the  iron  caused 
the  arches  to  fail;  they  would  have  been  much  stronger  without  the 
unprotected  corrugated  iron.  In  the  treasury  department  a  granite 
cohimn  was  badly  spallod  by  the  Brc.  The  building  was  a  monu- 
ment of  bad  design  and  poor  materials  and  workmanship,  and  was 
not,  therefore,  of  such  a  character  that  it  could  be  expected  to 
resist  successfully  the  effect  of  earthquake  or  fire. 

The  damage  done  to  tin-  liall  of  records  by  the  earthquake  was  not 
serious,  and  consisted  of  the  falling  of  a  smiill  section  of  brickwork 
fmm  the  third  '^toI7  on  the  wes-t  side  and  other  cracks  in  the  walls. 
The  fire,  however,  destroyed  the  contents  of  tlie  building,  leaving  only 
the  sliell  standing. 

CROCKER   BITIUHNO. 

The  ten-story  Crocker  Itnilding,  (Mrner  of  Powell  and  Market 
streets,  \yas  a  steel-skeleton  stnicture,  with  liollow-tile  floor  arches, 
partitions,  and  fircpnM)fing  for  eolunms  and  girders.  The  first  two 
stories  of  tlie  self-supporting  walls  were  granite,  and  the  remainder 
buff  brick  with  terra  cotta. 

On  the  uiriUi  jituI  tentli  floors  the  light  Plirrnix  columns  buckled 
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FAIHMOUNT    IlflTEl.. 

Tho  six-story  Fnirnimint  HoteJ,  Califuniiii,  Mason,  Poweli.  ami 
Sacramento  strtt'ls,  whs  lu'arly  completed,  and  the  only  eombiintible    , 
in  it  was  the  lumber  iisi'd  in  const nu-tion.     It  wiiisistod  of  a  steol 
nkeleton  with  floors  of  cinder  concrete   iTenforced  with  expanded 
metal.     The    wails   were   self- supporting  and    were   constrncted   of 
f^mnito  backed  with  brick  np  to  the  third  floor  and  of  liylil-culored 
terra  eotta  in  the  np|X'r  stories.     The  reiliiifi;^  were  of  the  mi^pended 
typtt   plastered  on   metal   lath.     The  orijrinal   plans  called   for  tliD 
columns  to  be  fireproofed  with  crwuTele.  but  iK-caufie  of  the  greater   . 
(■xi>ensti  of  this  material  the  plaiiM  were  changed  and  the  uxpuided    j 
metal  and  phister  partitions  were  molded  aroimd  these  columns.    Thft  '■ 
n^tsnlt  was  that  even  nnder  the  moderate  lieut  lo  which  tin.'  building 
was  snhjected  abont  40  of  tlie  columns  buckled,  incbitling  23  on  Urn 
third  fliKir  alnne  (I'l.  XXXIV),  and  the  partitions  were  compliittctf    I 
wrticked.    The  elfcci  of  the  cartlniiiakc  shock  was  principally  con- 
Kiied  (o  the  west  end  of  the  north  front.     The  terra  cotta  was  ^pulled    I 
considerably  and  thu  granite  only  slightly  by  fii-e.    Thu  exterior  dam- 
age was  not  very  great.  J 

JAHKH    n/MD  BITILDINQ. 

The  steel-frame  twelve-slory  .lauius  Flw.d  Unilding.  on  the  north- 
ciisl  rorncr  of  I*t>w)'ll  and  Market  streets,  was  ciinslriicteil  with  seg- 
mental hoUnw-tile  flotir  arches  topjied  with  cinder  troncrete  and  raiB- 

pended  iriliiigs  piaslered  on  metal  lath.  The  roliumis  were  coli- 
>ti-iieled  of  Z  bai-s  and  weiv  tilled  witli  coninioh  bi'irk  to  the  onter 
edfre  of  Ihe  H-rtion  mid  the  wlioh^  iriH(.>eil  will,  :!-i,ich  hollow  tile. 
This  tile  failed  (PI-  XXXV.  .1).  althoufrh  liie  lire  couhl  not  have 
l«-eii  very  severe,  f(U'  the  wooflen  floor  in  ihe  offices  was  only  partly 
l>iirne<l  and  there  were  a  nnmlx-r  of  wardrolms  and  switch  Imxes  of 
wiKid,  Iw'sidiw  the  door  and  wiiiflifw  frames  and  wainscoting,  which 
went  not  burned.  The  sliiirways.  which  had  casl-tron  liorwa  Mid  J 
marble  treads,  were  in  fiiir  <ondition.     The  corridors  were  tiled  wilh   | 

t 'iilc.     The  stonework  wiis  very  sli(rlilly  spalled  by  fiiv,  and  t&s'l 

princijial  damage  by  earlbiinake  was  a  crackin-r  of  the  san<lstoiu>  at 
several  of  the  entrances  (PI.  XXXIII,  //). 


The  lower  fl«K)r  of  thi'  (irant  linildinfr.  at  the  Huillieast  corner  of 
Seventh  and  Market  Mr.Tl>.  w,i>  u>*'.l  b.r  a  bank,  lln-  u|>[icr  lioi)rs  for 
oflicT.s.     ll  was  eight  storie?.  hif-h  and  had  a  steel  frame  with  cindor- 
conei-ete  fiooi-s,  the  iH-ants  and  girders  lieiii^  of  solid  concrete.     TTie  ' 
firvl.  storv  had  welf-smiporHmr  walls  of  M\Ui\st<JWeT  atti  ^W  tfcWMSiNaa, 
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stories  nails  of  pressed  terra-cotta  brick,  trimmed  witli  stinUstoiie. 
Hollow  tile  was  used  to  fireproof  the  coliimnii  and  for  the  partitioiL-;. 
The  oast-iron  stairways  witli  marble  treads  were  damaged  but 
slightlv.  The  hollow-tile  partitions  weiv  badly  wrecked,  mo!-t  of 
Iheni  Wing  tlirown  down.  The  building  was  injured  considerably 
by  dynamiting,  wiiich  partly  disguised  the  damage  caiised  by  the 
earthquake. 

HOTKI.    IIA.MII.TI>N. 

The  twelve-story  apartment  house  known  as  the  Hotel  Hamilton,  on 
the  north  side  of  Ellis  street  between  Mason  and  Powell  streets,  was 
n  steel-skeleton  structure  with  floors  of  reenforced  concrete  and  gird- 
ers and  lieanis  of  solid  concrete.  Plastered  wire  lath  served  as  a 
fireproofiug  for  the  columns,  and  the  susjiended  ceilings  were  <if  the 
same  material.  This  construction  may  l)e  seen  in  PI.  XXXVI,  B. 
Four-incli  hollow  tile  was  used  in  the  partitions. 

The  marble  treads  of  the  cast-iron  stairway  were  to  a  large  extent 
calcined.  .\  iniml>er  of  the  <-<ilunins  buckled  on  the  first,  sixth,  and 
seventh  floors,  the  wire  lath  being  entirely  insufficient.  This  buckling 
caused  the  fl<Kirs  throughout  the  building  to  settle.  The  damage  by 
earthquake  1o  the  curtain  walls  was  -slight.  The  sandstone  finish  of 
the  first  four  floors  spalled  hut  little  from  the  heat:  the  terra  cotta 
above,  however,  was  c««isidenil>ly  spalle<l. 

IIIHF.RNIA   SAVIXCS   ANH    1.<»AN    S<«'IETy's   HIIUMNG. 

The  two-slorv  bank  building  of  the  Hibernia  Savings  and  Loan 
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The  granite  roliinins  were  spalled  prai'tically  to  (l«vlnu'tioii  by  tire, 
as  shiiwii  in  PI.  XXXVI,  .1.  Thi'  tire  in  c»ne  HWlion  uppeui-Lnl  Ui  l>o 
very  hot  and  cnnsed  a  cdllapHe  of  out"  of  the  floon-i,  which  wa.s  followed 
l)y  the  failure  of  the  other  floors  of  that  section  of  the  building. 


niMPANY  S   BHIIJtlNR. 


The  phiiit  of  the  Jackson  Brewing  Company,  on  the  snulhnuHt 
corner  of  Eleventh  and  Folsom  streets  (PI.  XXXVII.  /?),  was  in 
protress  of  construction  and  was  wrecked  by  the  earthquake,  the 
damage  by  tire  being  hnt  slight.  The  brick  walls  were  laid  in  Itnie 
mortar  of  poor  quality.  The  steel  Iteams  and  girders  were  snp|xirteil 
by  east-iron  colunins.  Many  of  the  various  steel  members  wero 
bulled  together  with  an  insufficient  number  of  bolts,  the  girderh. 
and  beams  resting  njion  the  walls  without  any  tie;  the  columns, 
girdei-s,  and  beams  were  not  fireproofed,  and  in  the  ea.stern  half  the 
concrete  floor  slabs,  ti  inches  thick,  were  without  roenforcement.  Sev- 
eral persons  were  killed  by  the  collapse  of  the  tower.  That  this  build- 
ing should  have  lieen  wrecked  is  not  surprising,  as  the  detiign  was  bad 
and  the  material  and  workmanship  were  very  poor. 

,  HAIX  OF  JUSTICE. 

A  steel  frame  and  floors  of  cinder  concrete  reenforced  with  ex- 
panded metal  were  nsed  in  the  Hall  of  .lusliee.  at  the  corner  of 
Kearney  and  Washington  streets.  The  earthquake  largely  wrecked 
this  building  (PI.  XXXIX,  .4).  The  cupola  of  light  steel  angles 
f;ollap»ed  from  the  heat  after  being  racked  by  the  earthipiake.  The 
walls  were  laid  in  lime  mortar,  and  the  fl(K>r  panels  were  stiffened, 
H.S  in  the  .Etna  Iluilding.  with  5  by  i  inch  steel  bands.  The  floors 
were  wood  covered  and  were  burned.  The  suspi'nded  ceilings  were 
of  plastered  expanded  metal  lath,  the  partitions  of  3-inch  exjHind^ 
metal,  plastered,  while  the  columns  had  a  double  layer  of  plastered 
expanded  metal  with  a  IJ-inch  dead  air  space  l>etween.  The  sus- 
pended ceilings  failed,  as  shown  in  PI.  XXXV.  /i,  a  view  taken  on 
the  second  fiottr.  One  of  the  central  basement  columns  buckled 
and  collapsed  Ifi  inches.  pi'c>entiTiif  ilii'  Li|)]"'iiriiTicf  of  having  [lunched 
a  hole  in  the  floor.  Two  of  the  six-<ell  jtrixm  cajres  fell  through 
the  floors  into  the  ba~cment.  The  cast-ii'on  stairways  with  marble 
treads  are  in  fair  shape. 

KAMM   iii'ii.iuni;. 

The  seven-story  L-sJmped  Kanini  Building,  on  Market  street,  west  of 
the  Call  Building  and  adjacvnt  to  it  on  two  sides,  had  a  steel  skeleton 
and  ad f -supporting  sandstone  walls.     The  floors  were  of  reenfoccftd. 
!,  covered  with  wood,  with  \io\\o^  ^axXXXAsma  mA  ■ 
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jwiidt'il  coiliiijpi  <»f  |)l]i>t<'ri-<l  wiiv  hitli,  llio  ^tel■l  iitliiiiiiis.  Ifi-iiiii^,  anil 
jririlci-N  lH.-iii;;iilsc>  (iirju-ooffd  wiili  pliihU-ivd  wir;;  lulli. 

Till',  war  struct  1110  rollaii!si.'iI  wlicii  n  uiiinlii-i-  of  mliiniii.s  in  tlw!  Ijiih*;- 
ini-nt  hiicklcd  luulcr  tin-  inten^^e  lu-iit  )ii-<i(hi<til  i>y  tlic  Itiiniinjr  wuli 
p!i|x.'i-,  cjf  wliic-Ii  tliiTu  was  a  larjp-  (jiiaiitity  sttJivil  in  the  l»!)«;inunt, 

KOIII.    (IIAYWARI>)    ill'lI.IIINd. 

TheKoIil  linil(linf];.on  tlic  nui-tlie:ist  corner  of  Cali fornia  and  Mont- 
^iinicrv  streets,  wlik-li  prcsi-ntod  a  iinnibtT  of  intcre.stinjr  fuatiircs,  \^ 
of  it  modem  tyix*  of  Htccl -skeleton  constrnction.  11  stories  in  liei};))!. 
'I'lie  fl(X)r»  were  of  concrete,  reel i forced  with  exjjunded  metal,  and  the 
cohinnis  were  incased  with  expanded  metal,  plustei-ed.  Tile  partitions 
wei-e  made  of  hollow  tile,  with  motiil-co^eiwl  frames,  doors,  und 
windows.  The  snsjK'ndwl  ceilings  were  of  phistered  ex]>anded  metal. 
The  earthquake  did  hut  little  damage,  hreaking  a  few  panes  of  glar-s 
and  loosening  the  marble  wainscoting.  There  were  also  a  few  cracli> 
in  the  stone  facing  at  the  southwest  corner  of  the  first  fl<K»r,  The 
first,  second,  third,  fourth,  and  part  of  the  seventh  floors  wen-  bnnied, 
the  ri'inainder  of  the  building  U'lng  undamuged-  The  structure  was 
surnHiiided  by  a  series  of  rather  low  buildings,  and  the  fire  was  not 
s«'vere  eitlier  on  the  outside  or  inside.  Tlie  character  of  the  inside 
trim  piwentwl  to  u  considerable  tlegi-ee  the  spirad  of  the  fl:imes. 
One  defect  in  the  construction  was  in  the  use  uf  plate  gia?>s  instead  of 
wire  glass  for  the  doors  und  windows. 

MA.IKS-ni-   TIIKATEII. 
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MKUIIIANTS'    KXrilANlJK    IH  II.LUNi:. 

TliP   nt-eiitlj-  coiishiiclcl   moik'ni    ndia-   imililiiig  known   bk  iho 

MerchaijLi'  Exchange  on  ('alifurnia  slix-et  Ijetweeii  Montgomery  ami 

Sflnsoiiw  strpotfi.  ciinglil  tire  from  tin'  ontsitic  imd  its  eonti'nls  were 

iIt>sli'o_vf<l-     Tilt'  eilifiiv  was  lA  stories  in  liciglit,  with  sleei  skeleton. 

fin-proofed  with  plastcrHl  wire  liitli  iind  i-een f or(V(i-™ncrc'ti>  (IcK>r^ 

'i'lK-  llooi-s  of  the  I'oonis  wen?  of  wood :  iht'  rorridors  were  flmired  nnd 

j     wninsf^oled  witli  rriiirlih>.     The  fireiiniofiiig  of  the  colninns  mnststed 

j     iif  Iwo  layers  of  i|iiiirler-inch  wire  iiith  with  a  dead  air  space  Ijetweeil. 

I     except  thost-  which  were  bricked  into  the  ontsiilo  walls.     The  fflis- 

i    ptvidtid  ceilings  and  jjartitions  weii^  likewise  nf  plasteri'd  wire  liitli, 

t    nnd  the  same  nmteriiil  formed  the  walls  of  the  "fireproof"  vanltH. 

Tlie  curtain  wulls  were  of  brick  on  the  sides  and  rear;  on  the  fnmt 

ihc  first   two  stories  were  of  granite,  the  remainder  la'ing  pnHsed 

(orra  rotia   with  terra-cotta   trimmings.     The  heiit  of  the  fire  was 

sufficient  lo  calcine  a  largi"  portion  of  Ihc  waiii'icoting'and  the  marble 

treads  of  the  east-iron  slnirways.     Thongh  no!  completely  destroy- 

iiifT  it,  tlio  hn'  burned  Ihc  life  unl  of  (he  plaster,  all  of  which  will 

have  to  Iw  renewed.     The  rear  watls  weiv  cracked  by  the  eftrthfjiiake. 

The  euameled  brickwork  of  Ihc  light  well   (PI.  XL,  A)  aim  sHowf 

earth(inake  cracks,  ami  is  Imdlv  spalled  bv  llic  fire.     The  .sdmeworU 

was  slightly  s|.alled   by   lb.'   b'eat.     The   metid    frames   between  the 

windows  opening  intn  the  coiirl   were  bnckled.  (he  cindcr-coruri-tc 

firepr<M»fing  In-ing  insnflicient.     The  terrn-<'otla  (I'im  in  (he  Nght  well 

Wits  alrKi  badly  spalled. 

MiLi^  nniJiiNO. 

Tlip  eleven-story  Mills  Ilnilding,  at  the  northeast  corner  of  Hnsh 
and  Mon(gomcry  streets,  had  a  Htecl  skeleton  with  hollow-(iie  iir&- 
prrmfing  and  hiillow-ti!e  partitions.  Tlie  floors  were  also  of  hollow 
tile  topped  with  cinder  concivte  and  covered  with  wood  in  the  ofli(«s; 
the  tiling  and  wainsiiitiiig  iif  the  i-orridors  were  of  miirble. 

Tho  walls  wen-  no'kcd  hy  the  i-:Lrlhi|iiake.  The  h-illow  file  faileil 
and  left  the  steel  skeieloii  e.xp.rsed  to  the  (in-.  Just  liow  seriously 
it  WHS  damaged  is  piobh-niatical:  foni'  of  (be  basement  <-olnnms 
buckled  (PI.  XL.  //).  tlu-  lower  webs  (.f  thi-  fl<.or  (iles  fiiile<l  over 
large  areas  (I'l.  XLV.  /.'),  jtnd  the  |>artitions  and  (he  marble  (i-eads 
of  the  ciist-in.ii  stiiirwavs  wen'  dcstniyed.  In  (he  !ig!i(  well  the 
window  casings  wen'  distorted  by  lierit'  because  of  insiithcieni  fire- 
pnmfing,  and  the  terra  roldi.  granite,  and  exterior  trim  of  (be  wall 
were  Imdly  spalled.  Owing  to  the  faihm'  <,f  the  floor  til.-  many 
snfets  feJl  through  the  several  IIcmu-s.     The  bnilding  should  Ik-  rebuilt. 
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IMT™    states    JflXT. 

The  massivi'  tlin-^'-Morv  (iovcniiiii'iil  liiiililing  occupied  hy  the 
United  States  mint,  at  Fiftli  uiid  Mission  struts  <P1.  XXXVIII), 
which  was  not  damaged  to  any  appreciable  exient  by  tlie  earthquake, 
was  inspected  in  company  with  the  superintendent,  Mr,  Lea:ch.  One 
of  the  interior  walls  was  weakened  by  a  break  in  the  sewer  which  ran 
under  it,  and  one  of  the  chimneys  was  cracked  at  the  top.  This  struc- 
ture, which  is  located  at  the  intersection  of  two  wide  streets,  is  built 
on  soft  alhiviuni,  but  rests  upon  a  substantial  pile  foundation.  The 
l>earing  walls  were  of  solid  brick  face<l  with  granite,  the  northwest 
face  of  which  was  badly  spalled  by  fire  (PI.  XXXVIII,  B).  The 
floors  consisted  of  brick  arches  between  steel  beams,  finished  in  cement. 
They  were  supported  by  cast-iron  columns,  which  were  unprotected 
except  where  they  were  incased  by  the  heavy  brick  wall  partitions. 
The  doors  and  windows  were  of  wood  glazed  with  plate  glass,  tin- 
windows  on  the. first  and  second  floors  being  fitted  with  folding  insitle 
iron  shutters.  The  roof  and  northwest  side  of  the  third  story  caught 
fire  from  without,  but  as  an  artesian  well  provided  an  independent 
supply  of  water  the  fire  was  i)revented  from  gaining  a  foothold,  ami 
the  building  was  but  sliglitly  damaged. 

MOSADXtK-K    liniJUNO. 

The  ten-fitory  Motiadnock  office  building,  on  the  south  side  of 
Market  street  between  the  Palace  Hotel  and  the  Call  Building,  was 
in  process  of  construction  and  was  damaged  by  the  earthquake  and 
dyiianiiling  in  the  vicinity.  Iw-sides  being  guUed  by  fire. 
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columns.  WHiilo  the  jacking  iiji  ckisi's  thu  cracks,  it  can  not  restore 
thi'  original  stit'ngth  of  the  wmnect ion.  which  iilthdugh  not  entirely 
gone  has  been  reduced  to  n  very  small  percentage  of  its  foniier  value. 

MtHI'IlY    tllir.DIXfi. 

The  columns  of  the  five-story  Murphy  Building,  at  the  corner  of 
Kearney  and  Californiii  streets,  were  constructed  of  corner  angles 
latticed  and  filled  with  cinder  concrete,  the  whole  Wing  incased  with 
plufltered  metal  lath,  with  a  dead  air  space  between.  The  Qoor.'i 
consisted  of  cinder -concn-te  arches  Ix-tween  channels. 

This  building  was  completely  giitted  by  the  fire,  although  the 
structure  itself  was  left  in  fair  condition.  The  metal-lath  ceilings 
and  partitions  stood  the  test  fairly  well,  though  some  of  the  parti- 
tions were  buckled  out  of  shape.  A  view  of  this  damage  on  the  third 
floor  is  shown  in  PI.  XLI,  B.  The  terra-cottii  Iriinmings  and  (he 
copper  work  around  the  bay  windows  wen-  badly  lianiuj^cd  by  tire. 


The  nine-story  Mutual  Life  Building,  at  the  southeast  comer  of 
SuiLsome  and  California  streets,  was  fireproofed  throughout  with 
(erra-cotta  hollow  tile,  with  hollow-tile  partitions.  The  treads  of 
the  cast-iron  stairways  and  the  wainscoting  and  tile  of  the  corridors 
wei-e  of  marble.  The  office  floors  were  constructed  of  cinder  con- 
crete covered  with  wood. 

The  damage  to  this  building  from  the  earthquake  was  very  slight. 
The  fire  in  the  building,  while  not  Revere,  was  sufficient  to  cause  the 
failure  of  the  tile  firepro<tfing  of  the  roof  trusses,  which  collapsed 
from  exposure  to  heat  (PI.  XLII,  A). 

PAClFir    STATES    TELECUIINK    AND    TKI.EORAPII    COMI-ANy's    HIULDINQ. 

The  recently  completed  eight-story  building  of  the  Pacific  States 
Telephone  and  Telegrajjli  Company,  on  Bush  street  between  Grant 
and  Kearney  stnt'tr-  I  PI.  XLI,  .1),  enibuflictl  many  good  and  a  few 
bad  features  of  constuictiou.  The  side  and  i-ear  walls  were  of  brick, 
and  the  front  was  of  terra-cotta  pressed  brick  and  terra-cotta  trim- 
mings. All  the  walls  were  self-supporting.  The  floors  wore  of  reen- 
forced  concrete  i)elwceu  steel  l>eams,  mid  the  ceilings  for  all  floors 
above  the  basomcnl  were  suspended  metal  lath,  plastered. 

The  walls  were  cracked  somewhat  by  the  c:irtb()u;ike,  and  the 
pilasters  on  the  exlciior  wei-e  spalled.  The  giidiTs  and  columns 
supporting  the  floors  were  tirei)roofed  nilli  concrele  and  were  in 
excellent  shape  after  the  fire.  The  window  protection  was  excel- 
lent; the  front  was  provided  with  Kinnear  rolling  shutters,  with 
plate-gUss  metai-covered   windows,  while  the  side  windows  Iwdt 
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iiiot«l-oovorocl  Siisli  iiiul  frume?).  with  w'uv  fflass,  and  tin-roverwi 
sliding  Klinttcrs.  Tin-  (':ti-llii|ii»ko  i-.u-kcil  tlie  fmut  siifiicieiit iy  to 
piwciit  tlie  nhutlci's  fi'uiii  working.  Tlii'.  hctit  priiihiwd  by  the  burn- 
ing iiirsiiliited  wire  and  other  supplies  waH  high  and  protracted.  The 
reen forced -coneivte  beams  of  the  roof  were  weakened  by  heat  and 
will  have  to  be  replaced.  The  concreto  in  general,  however,  stood 
tliis  trial  G\cc«lingly  well  in  view  of  the  protracted  high  tempera- 
f  nro.  The  fire  oiught  through  nn  unprotected  rear  door  in  the  south- 
west corner,  and  the  break  in  the  roof  made  possible  a  very  hot  fire, 
which  melted  glas.s  and  even  welded  nails.  Tlie  concrete  floors  and 
I  lie  colnnin  protection  were  not  damaged  in  the  slightest.  If  the 
iiiethtMlK  of  Hi-e  i)rotcction  had  In-en  consistent  throughout,  it  is  prob- 
able that  this  building  would  have  escaped  without  damage 

rOST-OFFKE  nuirjUNfl. 

The  writer  made  a  thorough  examination  of  the  post-office  build- 
ing, on  Mission  street  Ix'twivii  Sixth  and  Seventh  streets,  in  company 
with  .!,  W.  HoU'i-ts.  su]HTint(>ndent  of  constrnction,  of  the  Supervis- 
ing Architect's  Office.  This  three-story  struclure  rested  on  a  founda- 
tion consisting  of  steel  beams  inca.sed  in  concrete,  carried  through  the 
soft  alluvium  to  ii  hard  gravel,  the  depth  varying  from  30  feet  at 
Seventh  and  Mission  stni'ts  to  1-2  and  14  feet  at  the  opjKtsite  corner. 
The  building  had  a  steel  friime.  e\{>anded-nietal  and  concrete  floors, 
and  plastered  expaniled-metal  snsjiended  ceilings.  All  jjartitions  or 
interior  walls  were  of  terra-cotta  hollow  tile,  laid  with  ftdl  joints  i>f 
P(U't  land -cement  mortar,  the  terra-cotta  work  t>eing  first  clast?  in  every 
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The  worst  <lnmage  iippenrpd  tfi  Iw  in  Hie  interior  wallfi  of  hollow  , 
tile,  which  nerp  very  I'rtciixivi'Iy  cnulicd.  I'sixviiilly  on  the  first 
Hiid  tiec-ond  floors.  The  plaster  finish  on  tho  hollow-tile  imilitions 
slreii^lipiied  tliem  very  conwiderably.  One  portion  of  (he  iiiosuii; 
i^ilinga  of  the  corridors  on  the  main  flour  was  laid  in  Portlsnii- 
pement  mortar  on  a  flat  tiled  arch  and  was  badly  cracked:  another 
portion,  hiid  in  Porthmd  cement  ngiiinst  wire  lath  plastered.  w«s 
iiiidnniage*!.  In  tlie  nitiil-hnndlin^  mom  the  end  wall  was  movwl 
out  of  plumb  by  the  earthquake,  and  the  enamelcd-brick  covering  of 
several  columns  was  sliaken  off.  The  only  damiijre  di)ui'  by  fire  was  in 
(ho  distriet-conrt  room,  in  the  north  «»rner  of  the  third  floor,  whieh 
naught  from  without  and  was  burned  out,  together  with  two  adjacent 
rooms  on  the  northwest  front.  On  the  northeast  end  of  the  first  floor 
the  e.vterior  stonework  was  al?to  spalled  by  fire. 

A  very  considerable  amonnt  of  damajre  was  done  by  the  dynamiting 
of  near-by  bnildings,  which  was  so  severe  as  to  smash  the  glam  »nd 
lilow  out  the  window  find  door  frames.  In  many  jdiices  llin  miirble 
wainscoting  on  tin-  n|»posit(-  side  nf  llie  corriilor  wiis  shaken  loose. 
Probably  20  per  cent  of  the  injury  done  to  the  building  is  in  the 
frhiKH,  marble,  and  finisli.  llie  bnildin^  is  AiilMtatitiul.  ami  th»  n 
rials  and  WDrkmiin-liiji  iin-  tirMt  cln»». 


1 


The  eight-storj-  Rialto  Building,  at  the  winthwesf  comer  of  Mis- 
sion and  New  Monlgomei'y  stwets,  had  a  sfwl  fi-ame  and  i-eenfnrccd 
cinder-concrete  floors,  Tlie  jwrtitions  were  of  hollow  tile  and  ths 
ceilings  of  suspended  expanded  metal,  plastered.  The  colunms  were 
fireproofed  with  two  layei-a  of  plrustered  exjianded  metal  for  all  floors 
except  the  basenicnl,  where  only  one  layer  was  used.  The  corridors 
had  niOHuic  flours,  mtd  the  stairways  were  of  cast  iron  wiili  marble 
treads. 

The  bnilding  was  considerably  racke<l  by  the  earthquake  and  was 
further  damajred  ity  fire  and  dynamiting  (1*1.  XLA'III,  /i).  The 
fire  was  only  modcralely  hot.  hut  was  stiHicient  (n  ilestroy  the  fire- 
proofing  of  two  i'oliuiins  in  the  iiortlii-a-l  corner  of  ihe  basement,  so 
that  they  failed  by  buckling  (Tl.  XLVIH,  .1).  causing  exten.Bive 
wrecking  of  the  u|i])cr  lloors.  Tlic  failure  of  the  i-nliunn  pi-otection 
was  caused  by  (lie  cxiiansion  of  a  pipi>  in-idc  ol'  it.  Th<'  ti'M'n  cotta 
around  the  entruiici>  to  the  building  was  cracked  by  the  rarthquake. 


The  twelve-story  St.  Francis  IIot<>l.  in  Wwrt  Union  sqnnre.  at  the 
oanusr  of  Geary  and  Powell  streets,  was  of  a  mofh-rn  type.  Uavuvf.  ■». 
-ccJifoi'ccd-cDncrele  floors,  \v\\\\  s\\>i\wiu\vv\  ^■v■\\^\^^J^^ 
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ti'iixl  Oil  wire  latli.  Tlie  iiivproofiiif^  of  lN>aiiis  jiml  ginlei-s  in  the 
baiseiiieiit  and  first  floor  wai^  l-oiicivIc;  in  tlui  ti|»|)er  rt(x>i-s  it  was  wirt- 
latli  and  plaster.  The  columns  of  the  first  floor  were  Hreproofed  with 
concrete,  those  in  the  basement  with  brick,  and  on  the  npper  floors 
4-inch  hollow  tile  was  Hse<l.  On  the  first  floor  thti  concrete  was 
omitted  for  18  inches  at  the  top  and  a  cap  of  plaster  of  Paris  nsed; 
this  was  a  serious  mistake  and  might  have  caused  trouble. 

The  stone  was  slightly  spalled  by  fire  and  on  the  front  was  slightly 
damaged  by  the  earthquake.  The  enameled  bricks  of  the  light  well 
were  badly  spalled  by  heat.  Two  columns  failed  by  buckling.  The 
fire  was  not  severe,  and  the  damage  wa.s  not  very  great, 

S<OTT   m  IIJHNC. 

The  Scott  Building,  on  the  south  --ide  of  Mission  street  l)etw('en 
First  and  Fremont  streets,  was  a  four  story  structure  with  a  man- 
sard roof.  Machinery  sales  rooms  occupied  the  two  lower  floors, 
printing  and  lithographing  offi<'es  the  upper.  The  building  was  con- 
structed of  steel  girders  and  l)eams,  with  reen  forced -concrete  floors, 
suspended  ceilings  plastered  on  metal  lath,  and  unprotected  cast- 
iron  columns.  The  curtain  walls  were  carried  on  steel  work  whicli 
was  unprotected  over  the  windows. 

The  mansanl  roof  and  the  upper  jiart  of  the  walls  were  destroyed 
liy  the  earthquake.  The  western  section  was  wrecked  by  dynamite. 
The  ceilings  failed,  and  the  stonework  spalletl  slightly.  The  fire 
was  not  severe,  to  judge  from  the  appearance  of  the  undamaged 
ituked  cast-iron  columns. 


r 
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The  seven-story  Sloane  Building,  on  Post  street  betWMn  Grant  and 
ILuimey  streets,  had  bonriiig  whHj^  of  terra,  cotta,  brick  and  terra- 
cotta trimmings,  and  a  framework  of  cast-iron  ['olunins  and  ste«l 
lieams  and  girders.  The  partitions  and  firepnmfing  were  of  ex- 
panded metal,  plastered,  and  the  floors  were  of  eoiiorete,  reenforced 
with  expanded  metal.  All  coIuithi:^  eJtcept  those  in  the  batumient 
were  Breproofed  with  expanded  metal,  plastered. 

There  is  every  indication  of  a  very  hot  fire  in  the  basement,  which 
hnckled  several  of  these  improtected  columns,  causing  a  collapse  in 
the  L-entral  portion  of  the  building  (  PI.  XLIX.  .1  )■ 


The  City  of  Pari.s  Dry  Goods  Company  ocenpied  the  two  lower 
floors  of  tlie  Spring  Vfilley  Water  Company's  bnil.ling,  at  the  soiitU- 
ejist  comer  of  Geary  and  Stockton  streets,  the  remaining  four  stories 
being  used  for  office  purposes.  The  bnilding,  a  general  rear  view  of 
which  is  shown  in  PI.  L,  .-l,had  a  steel  skeleton,  the  partitions,  column 
protection,  and  floor  arches,  the  lower  web  uf  which  spalled  off  exten- 
sively, being  of  hollow  tile.  The  floor  arches  were  topped  with  cinder 
concrete  and  covered  with  wood.  The  columns  in  the  southeast  corner 
of  the  basement  buckled,  and  the  upper  stories  collapsed.  The  hollow- 
tile  partitions  wei-e  in  bad  conditioJi,  and  the  2-inch  tile  on  col- 
umns failed  generally.  Where  the  ttle  ceilings  wei-e  unprotected 
the  webs  spalled  extensively;  where  there  was  a  suspendrtl  ceiling 
remaining  in  position  the  tiles  were  in  fair  condition.  The  cast-iron 
stairways  with  marble  ti-eads  were  also  damaged.  Then-  weiv  a  few 
slight  earthquake  cracks  along  the  Stockton  street  side,  and  the  south 
wall  had  it  vertical  cnuk. 

I  SITED   STATES    RIHTREASIRV. 

The  four-story  brick  snbti-easury  building,  on  Montgomery  street 
between  Commercial  and  Clay  streets,  hail  rolling  shutters  on^he 
lower  front  windows  and  a  combination  of  wood  and  concrete  floors. 
The  wood  burned,  causing  the  collapse  of  (hat  jxirtion  of  the  build- 
ing. The  remainder  of  the  concn"t*;-flo()r  piiition  sociiied  to  1h"  in  fair 
condition. 


The  Union  Trust  Company's  ten-story  office  building,  on  the  cor- 
ner of  Market  and  Montgomery  streets,  was  constructed  with  a  steel 
frame.    The  front  walls  of  the  flrst  two  stories  were  f^vivte%  ^^ 
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rciiiniiiiiifr  nulls  won-  of  |m-s-n'il  terra -cot  t  a  tirick.  witli  tcrra-colta 
triiiuiiiiipi.  Tlif  fliMU-s  ami  jiartitiitiis  wci^-  of  lioltuw  tile,  aiitl  llic 
gii-dcrs.  Iioitnis,  ami  (-oIuiiiiik  wi'iv  fiivproofed  with  the  siiinc  iiiafcrial. 
Th;^  floors  were  topiH'il  witli  cinilor  concroto  irovi-ri'd  with  woihI, 
oxoopt  in  the  corridors,  where  ccinciit  finish  was  iise<i.  Tlie  cast-iron 
stairways  hail  marlilc  tn-afls.  The  granite  walls  were  Dpullcd 
aronnd  tlic  oiMniinfis  hy  fire,  Tlir  liollow-fih'  partitions  failed  ex- 
Icnsivply,  inid  tin-  lower  welt  of  the  floor  tilo  spalle<I  over  larfre 
an'as.  The  fire  was  not  intense,  and  the  steel  apiwared  to  t)e  in 
fair  condition  except  on  the  ninth  !ui<l  tenth  floors.  The  extent  of 
the  damage  can  lie  seen  in  PI.  L.  li.  a  view  im  the  nhith  floor. 
The  steel  trusses  on  the  tenth  floin-  were  very  nnieh  distorted  by  heat, 
on  injr  to  the  failure  of  the  hollow-tile  flrepnMifing. 


VOl.KMAN'  mri.lJINO. 

The  lower  fliKtr  of  tiie  Volkman  ISiiihling.  on  the  north  side  of 
Jackson  sti-eet  hetween  Mont}ri>niery  luid  Sansonie  streets.  op|)ositf 
the  nnlninied  hlnck  near  the  appraisers'  hnildinj;,  was  occupied 
hy  a  branch  of  the  post-office.  The  strnctin-e  was  surrounded  on 
the  sides  and  rear  hy  completely  gutted  buildings,  and  it.'i  es- 
cajKi  was  probably  due  to  its  pnitected  openings.  The  windows 
wens  fjlazed  with  wii-e  glass  and  the  sash  and  frames  were  metal 
covereil.  The  rear  doors  were  er|nip|>ed  witli  Kinneur  rolling  shut- 
ters. A  few  windows  were  so  ijadly  damaged  ihat  lliey  will  have  to 
Im'  i-eplaced,  but  the  building  was  onlv  slightly  injured,  for  the  fire 
did  not  gViii  a  f.Mjlhold. 
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AHl'KCTS    OF    THE    FIEIK    KISASTKU. 


I 

I  gi-cstcKt  coiiflagratioiiK  of  recent  times.  Thu  loss  by  (iro  was  ^irtiltbir 
]  tliaii  it  »ht>uld  have  bofii,  by  reiittoii  of  the  fnihii-e  nf  the  cRst-fwm 
I  wattT  iiiRiiis  in  the  city;  althoiigli  the  Ions  must  iiewssarily  hiivo  ljw>i> 
I  gttMt,  IxTHUse  of  the  chnractcr  of  the  Imihliiigs,  00  per  cent  of  which 
1  wci-e  franii?.  This  dJHBHter  (lemoiisl rated  that  Ibe  lessons  from  the 
L  Chicago  «n(i  Raltiniore  fires  are  still  iinleurni^d.  The  same  faults  in- 
I  construction  continue  to  lie  repi-ateil.  The  oidy  sun.'  way  to  remedy" 
r  grave  (lefcets  of  this  eliai-acLer  is  to  enact  strict  bnildiiig  laws  wbich 
will  compel  iin  observance  of  the  essentials  for  fireproof  structnreH. 

Tbo  conditions  at  San  Fnincisco  were  unusual,  untl  even  Iinrl  not 
tttn  water  supply  failed  it  is  doubtfid  whether  they  could  have  Iweo 
«cmtruUe(l,  for  the  reason  that  it  woEild  have  been  inijwssihie  for  the 
fire  department  to  handle  efliciently  so  many  fiivs  at  a  lime,  csi>ectttlly 
as  there  were  so  many  iionlirepro<tf  structures.  Large  conflagrations 
tlumonstrate  that  theiv  i>  ]m  mkIi  tiling  as  ii  firejiroof  biiiUling.  To 
label  one  as  such  is  bad  i>niftic'e,  since  it  gives  n  false  sense  of 
security  and  ind«*s  ti  relaxing  of  necessary  precautions. 

PIKB    HISTORY    AND    RECOMMENDATIONS   OP   INSURANCE    BOAKU8. 

It  is  elainii'd  that  the  rociirdeil  destnu'tion  by  fires  in  San  Fnin- 
cisco up  to  ISJIf)  was  excessive,  allowing  ari  average  loss  liefweeii  two 
and  three  times  that  ex])ected  in  cities  having  ordinary  fire  jimtco- 
tion.  In  every  year  since  IS'.)!),  except  11)03,  although  liie  number  of 
fires  increased  nmterially,  tlic  average  loss  per  fiiv  ivniaiiu'd  mixier- 
ale.  In  any  of  the^e  years  Ihe  nuint)er  of  fires  involving  los-,es  of 
$40,000  or  moiv  did  not  cxiwd  two.  In  IftflS  there  were  1i-n  hii-go 
fires,  each  involving  a  loss  of  moiv  than  lMO,0(Hl.  thus  biinginf-  the 
tola]  up  to  a  higli  fi^nn';  and  at  each  of  Ibcsi'  fires  (he  greater  por- 
tion of  the  loss  ivas  to  the  <-oiilciils  ndhvf  than  to  lite  building. 

In  Oetoix-r.  !!»}.'>.  a  board  of  fin--insiLraiicc  experts  presen^'d  the 
report  of  an  examiiialion  niailc  under  the  direction  of  the  National 
Board- of  Fire  rnderuiitcrs  on  ibc  fire-hazard  conditions  of  Sail 
Fl'aneisco.  This  rc|i(irl  i-  cxtrcimdy  iiili^rrsliug  and  shows  clearly 
how  a  body  of  (rained  expcri-;  can  accurafely  Ii>ca(c  def(-c(s  and  pre- 
dict the  conse(|iieiiccs  likciv  to  n■^n!t  fioiii  iherii.  The  criticisms  and 
retommetidaliuns  erjibodicd  in  the  rejioi't  aiv  pailicidai'ly  [H-rtinent 
to  San  Franci>co:  and  win.]]  ihe  conditio]]-.  p]'i.]r  to  lliegivat  fire  arc 
considemi.  Ihe  cra]ch]>i"ii  mii>t  b.-  i]]evilabb.  that  no  other  result  of 
.  these  conditions — a  gcni'i'iil  co]]|lagration  which  swept  the  city — 
could  reasonably  have  K^en  exi>ected.  Attention  was  called  to  the 
following  principal  features  of  construction  affecting  the  tire  hazard 
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ill  tlitf  bii.siiieKs  diHtrict:  (1)  Bad  exposures  and  unprotected  open- 
ings; (2)  poor  construction;  (3)  an  absence  of  sprinklers  or  of  any 
of  the  modern  protective  devices;  and  (4)  excessive  height  in  non- 
tireproof  structures.  It  is  stated  that  in  the  congested  district  about 
•'1.1  |»er  cent  were  fireproof,  G8.3  per  cent  were  wooden  joisted  brick, 
iind  2!).S  jjei"  cent  were  frame  buildings.  A  very  bad  feature  lay  in 
tlie  fact  that  a  large  number  of  so-called  "tireproofs"  were  sur- 
I'oiinded  by  nonfi reproofs.  The  mixture  of  dwellings  and  minor 
mercantile  buildings  surrounding  the  congested -value  district  also 
greatly  increased  the  hazard. 

The  board  recommended  the  municipal  ownership  of  the  water  sup- 
ply. They  considered  the  present  supply  ample  in  amount  for  the 
existing  requirements,  but  subject  to  a  decided  probability  of  local 
'allure  in  emergencies,  owing  to  faults  in  the  distribution  system. 
Thay  deemed  it  very  desirable  to  increase  the  capacity  of  the  existing 
system  and  to  install  at  the  earliest  possible  date  a  separate  fire-main 
system,  and  recommended  that  all  dead  ends  of  pipe  mains  be  con- 
nected with  the  network  wherever  practicable.  They  advised  that 
the  system  of  distribution  lie  equipped  with  a  sufficient  number  of 
gate  valves,  so  located  that  no  single  case  of  accident,  breakage,  or 
repair  to  the  pipe  system  would  necessitate  the  shutting  from  service 
of  a  length  of  main  greater  than  the  side  of  a  single  block  (a  maxi- 
mum of  .500  feet)  in  important  mercantile  manufacturing  districts, 
or  than  two  sides  of  if  single  block  (a  maximum  of  800  feet)  in  other 
districts. 

The  building  code  was  found  to  l)c  satisfactory  on  the  whole,  but 
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of  iiKHlcrri  protective  deviwH.  and  the  provailiiig  liigli  winds,  luudo 
the  probability  feature  alarmingly  great.  ; 

Tht'v  advised  that  the  inadequate  force  of  four  bnihling  inspectora 
be  at  least  doubled,  and  that  the  building  laws  lie  rigidly  and  im-  ' 
partially  enforced. ' 

They  found  tlic  firc^  department  to  be  an  efficient  force,  well  orgaD' 
ized  under  an  exceplionally  competent  chief,  and  though  weak  in 
powerfiU  engiufs.  »)thfrwisp   fairly   well  wjuipped,  the   number  of  ', 
engine  companies  being  particularly  large. 

In  their  report  the  board  pnimmarized  the  situalion  in  San  Fran- 
cisco as  follow^ : 

Wbile  two  of  tlie  Are  sectToritt  iiilo  wliicli  tlie  ciiriKesleil-vnlue  district  la 
dlvldecl  involve  only  ii  mild  cuntla^utloa  liasiird  wltWii  tbeir  own  limits,  they 
jire  bfldly  esiio8«d  by  the  otbern.  In  whleh  nil  the  elements  of  the  conllnKratlon 
baznrd  nre  present  to  n  marked  degree.  Not  only  is  the  bnzard  extreme 
witliiii  the  coiigeNted-viiliip  district,  hut  It  ia  iiugnieiitecl  by  tlie  iireeeuce  of  a 
COiupHct  surronnillnK.  greiit-lieiBlit.  liirBe-nrpii.  fnime-resldence  district,  itself 
unwaiingpshie  from  u  (Ire-tlehlliij,'  standpoint  hy  reason  «t  adverse  conditions 
Introduced  by  the  fopoBrii|>[iy.  lii  tort,  Snii  Francisco  has  violated  all  under- 
wrillnir  trnditions  and  precedents  liy  not  burning  up;  that  it  baii  not  done  bo  Is 
tarEely  due  to  the  rlKllsia-e  of  tlie  fire  department,  wbtcti  cau  not  be  relied  upou 
ludeflnltely  to  stiivc  off  tbp  Inevitable. 


The  tire  which  has  practically  destroyed  San  Francisco  has  more 
than  fulfilled  this  ])rophecy.  The  destruction  was  greater  than  in 
the  Haltimoi-e  fire  liecause  the  fire  was  hotter,  owing,  as  has  bcttn 
pointed  out,  to  the  infiammable  surroundings  and  the  unprotected 
openingH,  and  to  the  unchecked  sway  of  the  ftames.  The  heat  was 
80  intense  that  sash  weights  and  glass?  melted  and  ran  togeUuT  fi-eely. 
In  some  places  the  edge-s  of  broken  cast-iron  colunnis  softi'neil,  the  tin 
coating  in  piles  of  tinned  plate  volatilized,  even  in  the  middle  of  the 
piles,  and  nails  were  softene<l  sufficiently  to  weld  together.  (See  also 
PI,  LI,  .1.)  Tlie  rnaxiniiini  tcmiieratuiv,  lusting  for  a  few  minutes 
in  each  locality,  was  prolnilily  y,0(Kl°  or  :i,:iO0'  F,,  while  the  average 
temperature  did  not  exceed  l.-'iOO"  F. 

Nearly  (ill  the  mi-cii1Ici1  "  fircpri«ifs"  weri'  gutted  and  their  con- 
tents destroyed.  Ihe  fire  dainage  done  to  these  buildings  In'ing  ftilly 
CO  jwr  <-ent.  The  eai'ly  rulliipsc  of  protected  sice!  frames  owing  to 
the  failure  of  the  firepruofiug  was  of  i-oiuinou  occurrence.  The 
extent  of  the  dainagi'  (o  ;i  hiiitdiug  from  fire  can  \k'  delerniined 
only  after  the  debris  and  wreckage  have  \nvn  removed  and  will 
then  be  found  to  l)e  much  greater  than  was  at  first  supposed.  This 
is  particularly  true  of  steel  structures  in  which  the  effect  of  fire  is 
I        •    ■  •  "^gn  \yy  tlie  debris. 
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Of  |h;i'Iiiii>s  tliiHy  iiicpriMifs  (if  fftKxl  height  with  i-eenforced- 
cojuTcto  iloors,  gill  liiil  twi>  had  Hteel  friiinew.  tttt-el  beuins  and 
t^luiiiiiM  were  generally  protected  with  metal  Inth  «iid  plaster,  cinder 
concrete,  or  lerni-cotta  tile.  Pructictilly  all  H(«»r  construction  con- 
sisted either  of  hollow  terra-cotta  tile  or  i-eeiifurced  concrete.  Ceil- 
ings of  light  angles  and  metal  lath,  plastered,  suspended  from  floors, 
served  as  additional  means  of  fireprooiing,  by  keeping  the  fire  from 
coming  into  direct  contact  with  the  flooring  material.  Steel  beams 
in  many  buildings  had  no  protection,  even  wliere  concrete  filled, 
e.xt«i)t  this  sulx-eiling.  The  lower  webs  of  floor  tile  came  off  to  ymr- 
haps  a  greater  extent  than  in  the  Baltimoi-e  fire.  It  is  said  to  be 
impossible  to  prwiirc  a  suitable  hard-wood  sawdust  on  the  Pacific 
coast,  snch  as  is  rcqnired  in  the  manufacture  of  porous  terra-cotta 
tile.  The  tile  used  is  therefore  denser  and  of  poorer  quality.  The 
liehavior  of  I'eenforced-concretelloors  was  most  excellent. 

Partition  walls  wei-e  in  a  very  few  buildings  of  brick.  As  a  rule, 
however,  tliey  were  cither  of  3-inch  hollow  terra-cotta  tile  or  metal 
lath,  plastered. 

The  matter  of  column  protection  is  very  important,  as  the  numljer 
of  ftiihircs  in  the  San  I'Vancisc'o  fire  was  particularly  largt^  especially 
in  the  Fairmount  Hotel  (PI,  XXXIV).  Unprotected  cast-iron  col- 
luuns  failed  as  a  i-csult  of  unequal  expansion  caused  by  tlie  lugs.  A 
few  light  rast-in)n  columns  filled  with  concrete  came  through  without 
damage,  and  at  the  Academy  of  Sciences  (PI.  XXIV,  .1),  as  alri'ady 
descriU'd,  cast  iron  failed  around  a  (wncrt^te  core,  which  carried  the 
load,     lirirk-filled  columns  gave  fair  satisfaction,  hut  cone i-ete- pro- 
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mentfti  purposes.  The  (jehavior  of  ihp  nictul-covered'  woodwork  in 
tlie  Kolil  and  other  biiildiiipi  was  Hatisfactory  and  immensely  better 
that!  that  of  the  nak^d  wood.  It  is  t-ertnin  that  a  building  may  be 
finished  and  trimmed  and  even  decorated  with  non inflammable  mate- 
rials. Although  the  additional  security  of  such  materials  in  case  of 
fire  does  not  appeal  to  owners  and  art-hitects  as  compensating  for 
their  estra  cost  in  comparison  with  vpood  or  other  inflammable  mate- 
rials, the  biiilding  laws  should  nevertheless  compel  this  type  of 
(H)natniction, 

The  loss  in  ornamental  stonework  was  particularly  great,  esijeciftUy 
in  the  case  of  marble,  which  in  many  stnictures  was  amipletely 
calcined.  Brickwork  suffered  most  from  the  earthquake  and  least 
from  fire,  and  sandstone  splintei^d  leas  than  granite,  which  suf- 
fered severely,  a  number  of  badly  spalietl  columns  showing  how 
futile  this  material  is  for  other  than  ornamental  purposes.  Con- 
crete proved  superior  to  brick  as  a  fireprooHng  medium. 

It  is  estimated  that  over  HO  per  cent  of  the  s(»-called  "fireproof" 
»fe.s  faile<l.  Many  valuable  nt-ords  and  much  other  property  were 
thereby  destroyed.  An  ordiiiaiy  fii-eproof  safe  was  of  absolutely  no 
value,  and  the  contents  of  nearly  every  one  were  destroyed.  In  many 
office  buildings  so-called  fireproof  vaults  were  constructed  of  hollow 
tile  or  plastered  metal  lath,  being  formed  partly  by  the  pertitionR 
of  the  rooms,  and  were  so  flimsy  that  they  yielded  readily  to  the 
flames.  In  PI,  LII  can  bo  seen  groups  of  so-called  "  fireproof  safes," 
many  with  walls  20  inches  or  more  thick,  which  failed  to  serve  the 
purpose  for  which  they  were  designed.  1*1.  LII,  B.  shows  part  of  a 
collection  of  over  50  of  these  "  .safes  "  whose  contents  were  destroyed. 
In  a  number  of  jeweler's  safes  silver  and  other  precious  metals  were 
melted.  The  warping  of  the  doon^  also  resulted  in  the  loss  of  the 
contents  in  many  vaults,  even  where  they  were  otherwise  well  de- 
Figiied.  In  short,  fireproof  vaults  and  safes  behaved  in  the  San 
Francisco  fire  very  much  as  they  did  in  the  Baltimore  fire.  Little 
progress  seems  to  have  been  made  toward  the  production  of  a  satia- 
factorj'  fireproof  safe.  The  only  really  fireproof  vault  is  one  with 
brick  or  concrete  walls  not  less  than  10  inches  thick.  The  cement- 
filled  metal  safe  proved  to  be  a  very  good  type  of  fireproof.  Even 
in  well-designed  safes  and  vaults,  great  care  must  be  exercised  in 
opening  them  after  they  have  been  exposed  to  fire.  Time  should  be 
allowed  for  the  tempenitui-e  in  the  interior  to  Iwcome  reduced  to 
somewhere  near  the  temperature  of  the  surrounding  air,  as  otherwise 
the  contents  may  be  tlestroyed  by  spontaneous  combustion  on  exposure 
to  the  air.  PI.  LII,  .1,  is  n  view  of  one  of  the  oldest  vaults  in  San 
Franciaco,  that  of  the  old  Wells,  Fargo  &  Co,'s  Express,  which  passed 
thefin  teet  satisfactorily. 
'  3ne  writer  is  of  the  opinion  that  the  v>^^^^^^^  Qonawscf^b^.  VJ&ss%_ 
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torra-ootta  tile  is  largely,  if  not  entirely,  devoid  of  merit  for  fire- 
proofing  purposes.  Even  when  it  is  of  the  best  grade  and  workman- 
ship it  can  hardly  be  considered  a  first-class  building  material.  At 
a  compamtivcly  low  tempcruture  the  tiles  fail,  the  thin  webs  spelling 
from  unequal  expansion.  A  more  iH>roua  tile,  with  thicker  webs 
keyed  together  and  laid  in  Portia nd-ocnient  mortar  with  tight  joints, 
would  unquestionably  \k  more  suitable  for  the  purpose.  It  may  be 
true  that  in  case  of  repairs  after  a  fire  damaged  tile  of  the  usual 
commercial  type  can  readily  be  detected  and  renewed.  Terra-cotta 
tiling  may,  however,  allow  sufficient  heat  to  pass  through  it  to  soften 
slightly  the  steel  meml)er  which  it  encases  and  still  remain  in  posi- 
tion, thus  hiding  the  defect.  Several  examples  of  this  condition  were 
fonnd. 

The  advocates  of  terra-cotta  tile  contend  that  concrete  may  be 
serionsly  damaged  by  dehydration  without  noticeable  change  in  its 
ap|>earance.  While  this  contention  may  l)c  justified,  it  should  be 
noted  that  any  weakness  or  softness  may  be  as  readily  detected  and 
repaire<l  in  concrete  as  in  terra  cotta.  Concrete,  moreover,  has  the 
great  advantage  of  Ijeing  a  nonconductor  of  heat,  and  m  will  with- 
stand n  prolonged  heat  before  the  damage  extends  to  any  great  depth; 
and  it  usually  remains  in  |»Iace,  maintaining  its  protective  qualities. 
The  value  of  a  structure  or  of  a  method  of  fireproofing  is  determined 
largely  by  ascertaining  what  portion  of  the  structure  is  left  avail- 
able for  use  after  the  fii-e.  The  word  "fireproof"  is  of  course  a 
misnomer,  for  no  building  is  absolutely  fireproof;  and  the  resist- 
ance offered  to  fire  is  one  of  degree  only,  for  if  the  heat  be  swfficipntly 
high  and  prolonged,  nothing  can  withstand  it.     The  l)est  materials 


WATEK    BUPPI.T    AND    OTHER    MBANS    OF    FlGnTlNQ    FIRE.  55 

is  likely  to  fnil  throiiph  ruptiirp  of  the,  steel  mains,  it  is  highly 
desirablp  to  have  an  inilepend<^nt  supply,  as  from  an  artesian  well, 
with  the  necessar>'  pumps  and  service  pipe. 

In  the  matter  of  fircprooting.  certain  (ieKnite  recommendations  may    ' 
be  deduced  from  the  San  FranciMco  conflagration,  as  follows:  j 

1,  Exterior  openings   should   be   pi-otected   hy  the  use  of  inetal 
frames  or  metal-covered   frames  with  wire  glass,  or  exterior  iron 
shutters   or   interior  metal-covere<i   shutters,   or   both   exterior   and    ' 
inferior  shutters,  ' 

2,  The  structural  meniba's,  especially  tlie  eolumus,  should  Ik-  better 
protected,  preferably  with  solid  roncrete;  they  may  be  filled  with 
brick  and  covered  with  terra  cotta  or  with  a  double  layer  of  cement- 
plastered  metal  lath,  with  an  air  space  between. 

3,  There  should  Iwi  a  better  type  of  partition,  the  present  plastered 
metal  lath  or  hollow  terra-cotta  tile  t>eing  inadequate.  Reenforccd- 
concrete  partitions  are  much  more  efficient. 

4,  All  combustible  trim  should  l>e  eliminateil.     The  fire  loss  from 
tliis  item  is  high,  and  it  should  be  so  designed  as  to  \ie  replaced  readily    , 
and  cheaply.  | 

5,  Attic  floors  and  roofs  should  be  designed  to  resist  fire.     In  many   1 
buildings  the  roof  members  were  not  fireproofed  and  their  failure 
caused  gieat  damage. 

fi.  IJuildings  should  lie  sn  arranged  that  Ihe  fire  could  l>e  confined 
to  a  single  room. 

WATER  SUPPLY  AND   OTHER   METHODS  OF  FIGHTING   FIBE. 

In  connection  with  the  matter  of  the  fireproof  constrnction  of 
buildings  above  referred  to,  certain  suggestions  may  be  made  in 
regard  to  private  and  public  facilities  for  fighting  fire,  as  follows: 

1.  An  independent  water  supply  and  other  facilities  for  fighting 
the  fire  from  either  within  or  without  should  be  pmvided. 

2.  Another  very  important  problem,  at  least  so  far  as  San  Fran- 
cisco is  concerned.  Js  that  of  the  public  water  supply.  The  failure 
of  a  gridiron  system  of  cast-iron  pipes  seriously  cripples  a  water 
supply,  no  matter  liow  large  may  be  the  storage.  It  is  also  evident 
that  greater  care  must  1h'  exercised  in  the  laying  of  these  mains, 
especially  in  filled  ^'ouud  or  alluviiil  muI.  where  failures  are  likely 
to  occur.  A  sj'stcui  of  by-passes  shiiuld  be  pnivideil.  so  arranged  as 
tx>  permit  the  cutting  out  of  portions  which  luv  broken  or  otherwise 
damaged,  and  some  system  should  be  in.stalled  for  quick  repairs  under 
emergency  conditions. 

3.  A  high-pres.su re  service  operated  from  the  bay,  using  salt 
water,  would  also  be  an  essential  feature.  This  service  might  neces- 
mtate  a  Seating  pumping  station,  as  recommended  by  the  National 
--•-■»  17b-         ■ 
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i.  The  use  of  explosives,  such  as  dynamite,  for  fighting  a  fire 
should  be  greatly  restricted  and  intrusted  to  experts  only,  or  else 
abandoned.  It  is  extremely  doubtful  whether  the  progress  of  a  fire 
can  be  checked  by  dynamiting  in  advance  of  the  fire  without  the 
removal  or  thorough  wetting  of  the  debris.  Such  procedure  would 
have  been  impossible  in  San  Francisco,  as  the  water  supply  was 
unavailable  and  it  was  impossible  to  carry  away  the  wreckage.  The 
indiscriminate  dynamiting  did  more  harm  than  good,  for  the  reason 
that  the  concussions  injured  the  surrounding  buildings,  as  shown,  for 
exampleyby  the  extensive  damage  done  at  the  post-office.  Back  firing 
would  have  been  equally  bad,  because  to  apply  this  method  success- 
fully plenty  of  water  for  controlling  (he  fire  is  necessary.  A  fire 
stop  is  the  best  way  of  checking  a  conflagration,  and  a  fireproof 
structure  makes  the  best  fire  stop  if  it  has  well-protected  openings. 

GENERAL  liESHONS  OP  THE  EARTHQUAKE  AND  FIBE. 

In  considering  the  results  of  the  destruction  which  was  wrought  by 
the  earthquake  and  fire  there  appear  certain  salient  features  from 
which  conclusions  may  be  drawn.  In  regard  to  the  possibility  of  the 
erection  of  an  earthquake-proof  structure,  it  is  apparent  and  univer- 
sally admitted  that  it  would  be  impossible  to  build  on  the  fault  line 
a  structure  which  could  with.stand  the  effect  of  a  slip.  Furthermore, 
it  is  re8lize<^l  that  in  building  near  the  fault  on  soft  or  alluvial  soil 
extra  precautions  must  be  taken;  for  example,  location  of  the  San 
Francisco  water  mains  in  ground  of  this  character  was  unwise,  since 
it  is  difficult  to  design  a  waterworks  system  capable  of  resisting  the 
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The  structures  wliich  suffered  most  from  the  earthquake  were — ■ 

1.  The  municipal  and  county  bnildings.    The  gn^atest  destniction 
was  sustained  by  these  buildings,  which  were  generally  badly  de- 
signed and  poorly  constructed  of  inferior  materials,  while  the  well-    I 
built,  substantial  Government  buildingK  sutTered  Ii-ks. 

2.  Lightly  and  Himsily  constructed  wooden  buildings.  Well-con- 
structed wooden  buildings  generally  withstood  the  shock,  but  thooe 
that  were  flimsily  buill,  restijig  upon  posts  or  equally  insufficient 
foundations,  coIlaps«fd,  even  where  they  were  fairly  well  designed. 
The  essentials  of  earthquake- resisting  power  are  vertical  continuity, 
adequate  diagonal  bracing,  and  first-class  foundations. 

3.  Improperly  built  brick  and  stone  structures.  The  brick  walla 
which  failed,  either  by  being  shaken  down  entirely  or  by  shattering, 
were  laid  in  lime  mortar  with  few  header  courses,  and  generally  had 
wooden  frames  with  little  or  no  bracing  and  no  tie  to  the  waUa. 
Stone  and  brick  masonry  cracked  diagonally  in  Uie  form  of  an  X. 
Hoilow-tile  partitions  and  ma-jonrv  of  brick  or  stone  were  similarly 
cracked,  although  this  injury  was  small  where  Port  land -cement 
mortar  was  used.  Where  the  walls  were  laid  with  hard  brick,  with 
plenty  of  headers  and  in  Portland -cement  mortar,  and  were  proj^rly  ' 
tied  to  the  floor  and  roof  members  there  was  little,  if  any,  damage.  | 
Chimneys  collapsed  most  generally,  breaking  about  halfway  up.  and 
destroyed  in  part  at  least  the  structures  upon  which  they  fell.  While 
the  evidence  was  by  no  means  conclusive,  it  appeared  to  the  writer 
that  brick  stacks  of  circular  section  proved  more  substantial  than 
square  ones.  The  stack  of  the  Valencia  street  power  jtlant,  which 
was  of  eight-pointed  star  section,  collapsed,  the  part  which  remained 
standing  showing  cracks  at  one  of  two  opposite  reentrant  iinglM 
almost  to  the  base  (PI.  LIII,  A).  It  is  quite  evident  that  brick 
stacks  and  similar  tall  structures  built  of  brick  or  stone  without 
reenforcement  against  flexure,  or  without  being  guyed,  are  unsuitable 
for  use  in  countries  liable  to  earthquake  shock.  They  should  be  con- 
structed either  of  steel,  guyed,  or,  if  seif-su|)porting,  of  steel  or  reen- 
forced  concrete,     (See  also  PI,  XIII,  ^1,) 

4.  Insufficiently  braced  and  loosely  constructed  steel  structiirea. 
In  structures  which  were  deficient  in  diagonal  bracing  the  effect  of 
the  earthquake  was  localii'.ed  in  the  piers  lietween  openings  and  cur- 
tain walls  in  characteristic  X  cracks.  In  tall  structures  like  the  Call 
Building,  the  tower  of  the  Union  Ferry  liuilding,  and  others,  the 
diagonal  bracing  that  had  been  installed  proved  insufficient,  and  the 
diagonals  at  about  the  middle  distance  Iwtween  the  lop  and  base  were 
strained  beyond  the  elastic  limit  of  the  material,  acquiring  a  perma- 
tiant  aetf^  which  was  indicated  by  a  slight  buckling.  It  is  assumed 
thlt  the  effect  uf  i-Mi'ili'|uid(<'  shuck  un  dingouul  bracing  is  equiva- 
•■_**-  -  i.,.jy  wind  pressure,  variously  eatimaAai.  at^^Vo^Ki  v^""''^™' 
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per  square  inch.  The  writer  Iwlievea  tbat  the  higher  figure  should  be 
used,  Ix-causc-  the  essential  in  satisfactory  earthquake-resistant  design 
is  rigidity,  whereby  the  stmetiire  moves  as  a  unit.  Unless  there 
should  be  earthquakes  of  greater  severity  than  the  one  under  discus- 
sion, no  fear  need  be  felt  for  tall  buildings.  It  has  been  fully 
demonstrated  that  a  steel  frame  well  braced  diagonally  upon  an 
adequate  foundation  successfully  meets  the  earthquake  requirements; 
not  even  the  masonry  I>eing  injure<l  to  any  great  extent. 

Concrete,  especially  reenforced  concrete,  because  of  its  great  ad- 
hesive strength  and  reenforcing  metal,  proved  more  satisfactory 
than  any  other  niiiterial.  Its  solid  monolithic  structure  produces  a 
successful  earthquake-resisting  material,  inasmuch  as  it  moves  as  a 
unit;  moreover,  it  offers  a  maximum  resistance  to  fire.  The  great 
concrete  dam  of  the  Crystal  Springs  Lake  at  San  Mateo  (PI.  XI,  B) 
gave  abundant  proof  of  the  substantial  qualities  of  concrete  in  a  mass, 
for  although  it  lies  within  a  few  hundred  yards  of  the  fault,  it 
suffered  no  damage.  Solid  concrete  floors  proved  satisfactory, 
though  conci-ete  in  San  Francisco  was  of  a  very  poor  quality,  and 
flimsy  coiici'ete  stiffened  with  light  metal  passed  as  reenforced  con- 
crete. Cin<ler  concrete  was  used  extensively  for  floors  and  elsewhere, 
and  was  of  a  very  inferior  grade.  Much  of  it  was  high  in  sulphides, 
which  had  ii  deleterious  effect  on  the  embedded  material,  especially 
in  floors  where  slight  cracks  permitted  air  and  moisture  to  come  In 
contact  with  these  sulphides  and  the  metal.  For  a  proper  earthquake- 
proof  structure,  everything — the  design,  the  materials  used,  and  the 
worknianshij) — must  be  Jirst-class.  Most  of  the  failures  resulted 
IroHi  hiid  design,  poor  workmanship,  ami  poor  iiiati'riiils.     If  i 
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The  followinp;  reqiiirenipntr^  whoiiKl  lie  nillioivd  in  in  structures  for 
earthquake  coiiiilrU's: 

1.  LocHtioii  Oh  or  near  tiip  fault  kIioiiIiI  be  nvniilcil. 

2.  FoimdationK  and  siipprstriicturen  .should  Ih'  mi  built  that  (hpy 
TFiII  move  as  a  unit. 

3.  Wooden  structures  should  l>e  rather  heavily  framed,  with  con- 
tinuity in  the  vertii^al  ineinl>ers.  adequate  dia^nal  bracing,  and  suh- 
fitantial  foundations. 

4.  8teel  striictureH  shouhl  re^t  upon  an  adequate  foundation  and 
be  thoroughly  braced  (liajjonaHy.  This  fenture  is  a  most  im])ortant 
one,  as  rigidity  is  absoUitely  essential. 

5.  Brickwork  and  stonework  slinuld  lie  Ihorouphly  bonded  with 
full  header  courses  laid  in  Portia nd-ceuu-nt  mortar. 

6.  Masonry  should  be  thoroughly  tied  to  the  sleel  or  other  framing 
members. 

7.  Buildings  should  have  no  unnecessary  miilerial  in  their  super- 
structure.s,  and  heavy  oniamentation  should  Im'  omitted. 

8.  FliniHy  floors  and  partitions  shoidd  1h>  avoided;  i-eenforced  coii- 
-    CTBte  is  an  excellent  inatedai  fur  Imtli. 

Profepsor  Omori,  chairniaii  of  tlie  .lapanese  earthquake  eoiiiniis- 
sion,  and  other  earthquake  authorities,  have  stated  that  great  enrth- 
qnakefi  are  followed  by  a  nettled  condition  in  the  earth's  surface  and 
that  there  is  an  interval  of  fifty  or  one  hundred  years  duriiifi;  which 
no  earthquakes  occur.  The  general  fenr  which  prevailed  during  thfl 
first  days  following  the  earthquake  has  Ik-cu  quieted  by  these  Rssur- 
anccif,  which  have  also  created  a  feeling  of  security  that  has  led  to  » 
relaxation  of  the  precautions  necessary  in  the  work  of  reconstnicfion. 
The  ies-sons  taught  by  the  great  calamities  such  as  have  befallen  San 
Francisco.  Baltimore.  Chicago,  and  other  cities  are  not  regarded.  Tt 
is  very  proVmble  that  the  new  San  Francisro  to  rise  on  the  ruins  will 
be,  to  a  large  extent,  a  duplicate  of  the  former  city  in  defects  of 
■  construction. 

OBSTACLKH  TO   ItPX'OX.STltUCTlOX  <»F  SAN  FRANCISCO. 

The  actual  loss  by  firo  in  San  Francisco  was  much  greater  than  in 
the  Baltimore  fire,  for  the  reason  that  many  insurance  companies 
have  taken  advantage  of  the  earthquake  clause  in  the  (wlicies  and 
failed  to  pay  their  chiiuis.  while  others  without  the  requisite  funds 
were  unable  to  \t»y  llie  large  claims  in  full.  Tlli^  failure  to  pay  a 
very  considerable  iierccntage  of  the  fire  lossi-s  and  the  delay  in 
adjusting  them  have  proved  serious  setbacks  in  the  progress  of- 
reconstruction. 

The  new  building  code  is  also  operating  against  the  best  intensts 
of  the  city.    The  arbitrary  clsssificatioii  o^  Vn\\\A\Tv(Kk  VA9e&  u&  't^ib 
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type  of  construction  h  oiio  w)uch  will  result  in  more  harm  than  good. 
Those  interested  in  its  preparation  directed  their  attention  princi- 
pally to  oflfice  and  other  large  buildings,  apparently  not  realizing 
that  the  greater  proportion  of  reconstruct  ion  will  consist  of  small 
three  or  four  story  buildings.  The  fact  that  a  structure  is  built  of 
steel  and  Brepruofod  does  not  make  it  superior  to  those  representing 
other  types  of  conntniction,  for  poor  materials  and  workmanship 
may  produce  inferior  quality,  whatever  the  type. 

The  proposed  code  discriminates  against  reenforced-concrete  build- 
ings in  designating  them  as  class  B  structures.  ^Vhile  not  inten- 
tional, this  conveys  the  impression  that  such  buildings  are  next  in 
order  of  superiority  to  structures  of  class  A,  Class  A  should  embrace 
buildings  so  well  designed  and  constructed  of  such  first-class  materials 
that  they  afford  the  maximum  resistance  to  fire,  and  should  repre- 
sent the  best  method  of  fireproof  construction  regardless  of  type. 

That  there  was  only  one  reenforced-concrete  building  of  the  mod- 
em type  in  San  Francts<-o  was  due  in  part  to  the  opposition  of  the 
labor  unions.  The  exorbitant  demands  for  wages,  coupled  with  the 
high  cost  of  materials,  have  proved  a  serious  handicap.  The  cost  of 
all  construction  work  is  excessive  at  the  present  time,  and  business  in- 
terests will  suffer  from  the  shrinkage  in  value  which  will  follow  the 
fall  in  price  of  labor  and  materials.  Tliis  policy  of  the  labor  organi- 
zations is  materially  interfering  with  and  checking  the  work  of  recon- 
struction. 

In  addition  to  these  labor  difficulties,  the  questions  of  widening 
and  extending  old  streets  and  oi>ening  new  ones,  for  the  purpose  of 
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most  of  the  inhabitants  were  in  houses,  90  per  cent  of  which  were  of 
frame.  Structures  of  thia  type  withstood  the  earthquake  shock  par- . 
ticiilarly  well,  whirh  accounts  for  the  minimum  loss  of  life.  Had 
the  earthquake  occurrett  fiiur  or  five  ln)urs  later,  when  tlie  people : 
were  performing  their  daily  tasks,  in  offices,  schools,  etc.,  or  on  thai 
streetM,  the  loss  of  life  must  have  been  verv  great.  The  writer  saw 
&  view  of  a  drove  of  cattle  buried  under  the  ruins  of  a  fallen  wall 
while  pas.'iing  through  Mis,sion  street,  which  graphically  told  the 
story  of  what  might  have  occurred  had  the  shock  come  later  in  the 
ilay.  Although  the  loss  of  life  was  small,  more  than  200,000  people 
were  rendered  homele.ss  and  dependent  on  the  authorities  for  eveo 
the  necessaries  of  life. 

In  three  days  the  tremendou.'i  area  of  more  than  2,&93  acres  was 
burned,  destroying  entirely  490  city  blocks  and  in  part  32  blocks. 
(See  Pis.  LTV-LVII.)  Of  this  area,  314  acres  constituted  the  con-' 
gested  district,  on  which  there  was  $260,000,000  insurance,  probably 
representing  a  value  of  at  least  ^.'iOO.OOO.tHK). 

In  the  Baltimoi-e  lire  (F'ebruary,  1004)  1.343  buildings  were  de- 
stroyed, having  an  asses,sed  value  of  $l'i,{i08,300.  In  two  years  these 
burned  buildings  were  replaced  by  570  buildings,  whose  assessed  < 
value  is  $20,000,000.  These  new  buildings  are  larger  than  the  old^'l 
and  the  widening  of  the  streets  has  eliminated  700  building  lota  It ' 
is  expected  that  when  the  reconstruction  within  the  burned  district 
is  complete  there  will  be  fewer  than  800  buildings,  of  which  the 
assessed  value  will  be  fully  $25,000,000.  It  is  therefore  <]uite  i-cason- 
able  to  suppose  that  the  awcs-st'd  value  of  the  reconstructed  San 
Francisco  will  be  at  least  double  that  at  the  lime  of  the  catai^trophe. 
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INTKODUCTION. 

SCOPE  OF  THE  INVESTIGATION. 

The  following  pages  contain  the  matter  of  a  report  dated  Jnly  5, 
1906,  to  Brig.  Gen.  Alexander  Mackenzie,  Chie^f  Engineers,  United 
States  Army,  of  an  inspection  made  by  me  of  the  ruins  of  San 
Francisco,  in  accordance  with  Special  Orders  No,  97,  dated  War 
Department,  Washington,  April  23,  190(5. 

I  arrived  in  San  Francisco  on  the  morning  of  May  8,  1906,  and 
remained  until  the  night  of  May  19,  My  orders  directed  me  to  inves- 
tigate the  effect  of  the  fire  and  earthquake  on  Iniildings  and  engineer- 
ing structures  in  the  territory  affected  by  tlie  earthquake,  and  author- 
ized me  to  visit  such  points  in  addition  to  Sun  Francisco  as  it  might 
be  necessary  to  observe.     As  soon  as  possible  after  my  arrival,  I 
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personal  examination  would  consume  a  great  ileal  of  time.  It  Also 
disclosed  the  fact  that  an  uxaniiiiatiuii  wua  in  process  by  (.'oniputent 
engineers,  and  Major  McKinstry  undertook  to  get  for  nie  a  report  of 
the  results  of  this  examination.  As  a  matter  of  fact,  I  have  been 
allowed  to  see  a  copy  of  .such  a  report  made  by  Charles  D.  Miir.t 
and  Charles  B.  Wing,  which  the  authors  prefer  not  to  have  pub- 
lished as  yet.  However,  certain  esssential  facts  as  to  the  condition 
of  dam-s,  conduits,  elc.  (see  PR  IX;  X,  .1,-  XI,  ff).  are  taken  from  it 
and  embodied  further  on  in  my  own  report ;  althouji;!)  the  photographs 
»nd  certain  other  features  of  the  report  itself,  whicli  st'cni  to  l;e  pecul- 
iarly the  pmperty  of  it.s  authoi's,  are  not  submitted  herewitli.  In 
view  of  the  fact  that  the  i-e-sults  of  llie  examination  of  the  waterworks 
were  promised  to  me,  it  seemed  superfluous  for  me  to  visit  the  damfl 
and  conduits,  except  as  a  matter  of  personal  interest,  and  as  my  time 
was  very  slioii.  I  decided  not  to  do  so. 

The  light-liouses  and  fortifications  are  in  charge  of  cnnii>etent  offi- 
cers, whose  duty  it  is  to  rep<)rf  (lie  nature  and  extent  of  the  damage 
done  to  Ihem  by  the  earthcpiiike.  Aw  an  ins|MH:tion  of  the  light-houses 
would  have  involved  a  great  deal  of  time,  1  decided  not  to  attempt 
to  visit  them,  and  made  only  a  superficial  examination  of  the  forti- 
licatioiis. 

As  my  own  experience  has  been  mainly  in  the  line  of  fireproof 
buildings,  however.  I  made  a  very  oarefui  inspection  of  the  ruins  of 
San  Francisco  itself,  and  ah^  visited  Oakland  and  Palo  Alto,  with 
a  view  to  inspecting  damaged  buildings  at  those  pciint-s.  I  found,  as 
a  result  of  those  trips  and  by  inquiry  among  com[)i'terit  witneswfl, 
that,  with  one  exception,  there  was  no  type  of  building  in  the  affected 
district  which  was  not  well  represented  among  the  buildings  of  San 
Francisco.  The  exception  was  the  concrete  work  at  Leland  Stanford 
Junior  University,  near  Palo  Alto,  to  which  specific  reference  is 
made  on  page  113,  The  greater  part  of  my  time,  for  the  reasons 
alx)ve  outlined,  was  spent  within  the  limits  of  Sim  Francisco  it.self," 
and  much  of  it  within  what  iiiid  Im-n  tin-  r.mgf^lwl  district  of  the 
city. 
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valuable  information  that  made  it  possible  to  avoid  useless  expendi- 
ture of  time,  and  who  was  also  of  great  service  in  procuring  for  me 
the  necessary  permits  from  the  local  civil  authorities. 

EXTRACTS  FROM  THE  REPORT  OF  A  COMMITTEE.OF  THE  NATIONAL 
BOARD  OP  FIRE  UNDERWRITERS  ON  SAN  FRANCISCO  CONDI. 
TIONS. 

San  Francisco  before  the  earthquake  and  fire  consisted  mainly  of 
frame  and  brick  buildings  of  ordinary  construction.  A  few  adobe 
buildings  still  remain,  but  there  were  not  many  of  these.  There 
were  about  45  so-called  fireproof  buildings  in  the  city,  and  a  small 
number  of  .so-called  slow-burning  buildings,  modeled  more  or  less 
loosely  along  the  lines  of  the  New  England  mills.  A  fair  idea  of  the 
general  nature  of  the  city,  so  far  as  buildings  are  concerned,  is  given 
in  the  following  quotations  from  a  report  on  San  Francisco  issued  by 
the  committee  of  twenty  of  the  National  Board  of  Fire  Underwriters 
in  October,  1905 : 


Potential.— la  Tlew  of  the  escewlTely  large  areas,  great  beigbtB,  numerous 
uuprotei't^  openings,  geoerul  absence  ot  fire  breaks  and  stops,  bigblf  <x>in- 
buHtlble  nature  of  the  buildings,  many  of  wbicb  bave  sheatbed  wallfi  and  ceilings, 
frequency  of  light  wells,  and  the  preeeutre  of  interspersed  frame  bulldlnga.  tbe 
potential  hasurd  Is  very  severe. 

Probability  /eoiure.— The  above  features,  combined  wltb  tbe  almost  total  lack 
of  sprinklers,  and  absence  of  modern  "protective  devices  generally,  numerous 
and  mutually  aggravating  conflagration  breeders,  bigli  winds  and  compara- 
tively narrow  streets,  make  the  probability  feature  alarmingly  severe. 

HuitimoTy. — Wbile  two  of  the  live  sections  Into  wblcb  the  congested- value 
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In  addition  to  the  frnnie,  ordinary  joisted  brick,  fio-ealled  fireproof, 
and  mill  buildings,  tht^re  wei-e  in  Sim  Francisco  four  buildings  of  a 
monumental  type,  so  far  as  weight  of  construction  was  concerned. 
These  were  the  new  city  hall  (PI.  XXXI),  the  new  post-offiw  build- 
ing (PLs.  XLIII  and  XLIV).  tlie  United  States  mint  (PI. 
XXXVIII),  and  the  appraisers'  stores,  or  custom-honse  (PL 
XXVIII,  A).  Thp  few  mill  buildings  which  existed  were  not  of  & 
standard  lyjje,  according  to  the  report  of -the  National  Board  of 
Fire  Underwriters.  Tlie  fireprwif  buildings  had  be^n  erected  in 
accordance  with  the  building  laws  nf  San  Francisco,  which  provided 
for  three  principal  types  of  commercial  buildings,  known  as  class  A, 
class  B.  and  cl&ss  C 

The  general  requirements  for  Ituildings  of  the**  classes  and  for  mill 
buildings  are  as  follows: 

nUILIMKOS    IN    flKE   UMITH. 

SEcnon  !h;.  Rvery  buUdlDR  bereafter  erected  n-ltliln  tlie  Are  lloiits  ihall  be 
constructed  In  iKixirdaiu-e  with  the  reijuiremeDts  of  this  ordiiuuice  for  the  con- 
BtmctluD  tit  tiulltllnfK  of  etttier  clasH  A,  <'liiss  B,  or  i.-Iusn  C. 


Sccnoir  BT.  Class  A,  termed  '■  Hr^roof,"  or  "  nkeleton  eonBlriittiun,"  bIuII 
Include  all  bDildla^  wherein  all  external  and  iDternal  loadit  and  Btrnlnt)  are 
traUHmltted  fmm  tbe  top  of  tbe  tmildlhff  to  the  foundation  by  ikeletoii  or  frame- 
worli  of  Rteel,  iind  the  Iwams  or  jiirders  of  which  nre  riveted  to  efich  other  at 
their  respective  Juncture  Joliitx.  A  bulldfug  of  this  clnMS  must  l>e  conntmcted 
ot  uonlnflniiiniable  iimterlnt  througbout,  and  all  Interior  constructive  metal 
work,  wttb  the  piceiitioii  of  thp  frHinlrui  for  eleviitors  iiud  Htiilrcnses,  shall  be 
protecteii  from  lire  by  brick  or  terra  cotta  fit  least  IJ  Inches  thick,  or  bj  plas- 
tering three-fourtlw  of  an  Inch  thick  a|)plled  to  metui  Inth.  Tbe  face  of  tbe 
ptnsterlnK  shall  be  li  Inches  from  the  metal.  Wood  may  be  used  only  for 
window  and  door  fnitueH.  samhcn.  Ktandiug  flnleh,  hnnd  mils  for  stnlrn,  and  tor 
tbe  upper  and  uniler  Hoors  and  tbelr  necessary  sleepers.  Wood  niny  niso  be 
used  for  Isolated  furrlnjt  lilouks,  hut  tbis  class  shall  not  permit  llie  uim  of  latba 
or  furrlngK  of  wooil. 

Class  B.  A  buildluK  of  ihln  clnss  shiili  lie  constructed  with  all  Its  exterior 
walls  and  piers  of  ninsonry,  or  of  uiHsonry  and  steel,  and  all  exterior  aurfauea 
other  than  masonry  shall  be  covered  «-3ih  n  on  inflammable  materials.  All  par- 
titions, furred  walls,  or  other  plnxtprol  Kurftices  throughout  flhall  tie  metal 
lathed.  All  Interior  nietiii  «ork  shall  in-  priHecte^l  as  In  class  A.  and  In  addition 
the  floor  and  celling  joists,  jiosts.  roof  inianls,  and  partlllons  may  tie  of  wood  In 
such  places  as  does  not  violate  tbe  roqulrements  of  any  nection  or  clause  ot  tblv 
ordinance. 

Class  C.  A  building  of  thlx  class  shall  lie  ciinstrnctpvl  tbe  siime  as  class  B  in 
every  respect,  pxcept  its  to  tbi'  requirements  for  liitcrlnr  latlilni;. 

Sbction  B8.  Liniit  of  bciclit  of  bnlldlngH  of  •-lai'Ki-s  A.  H.  nnd  f  : 

Ffet. 

Claaa  A,  limit  of  hclKlit -     220 

GlM>  B.  limit  of  height _ - 100 

'  OMi  O.  limit  of  height — - 82 

-  «Aa  MMnAxi  by  Ordinance  1297.) 
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Kectiok  on.  A  liultdlnR;  of  tlie  Hlnw-lmriilDg  or  "mill"  niiuttructloii  tjpe  Ik  a 
liulldliig  wItoKe  oiitHlde  wiiits  are  Inillt  of  ninnionr.T.  ran  cent  mted  In  pieni  or 
buttrt^Mieii.  hetn-eeu  n-liloU  Is  n  tlilii  wall  oontiilniDg  tbe  dour  nnd  window  opeii- 
itigx.  aud  wboxe  floots  nnd  roof  are  conKtnicted  of  henvy  tiiul>ens  covered  witli 
plunk  of  a  Bullable  tbiukneeti:  tlie  girders  l>elns  nnpportcd  between  tbe  wallit 
by  iwets. 

SOHB  FEATURKe.OP  THE  EARTHQUAKK  AND  FIRE. 


Within  tli«  burned  area  all  frame  buildings  and  .practically  all 
buildings  with  timber  floors  were  totally  destroyed,  with  all  their 
<'ontents.  Tliis  classification  includiw  mill  buildings  and  those  of 
every  other  type  in  which  the  floor  construction  is  combustible. 
Practically  nil  the  so-called  fireproof  buildings  were  gutted,  and 
their  contents  were  a  total  loss.  The  average  loss  on  the  buildings  of 
class  A  was,  in  my  judgment,  considerably  in  ejcess  of  tiie  average 
I0S.S  on  the  "  fireproof  "  buildings  in  Baltimore.  This  s-tatement  can 
not  be  made  with  absolute  positiveness,  however,  in  the  absence  of  a 
detailed  estimate  of  the  cost  of  rejiairing  each  building,  which  I  had 
not  time  to  make.  I  am  quite  sure,  however,  that  the  damage  in  San 
Francisco  was  greater  than  it  was  in  Baltimore, 

From  what  was  left  of  the  ruiiis  themselves,  and  from  the  testi- 
mony of  competent  ol>Hervers.  including  engineer  officers  who  were 
ordered  into  the  business  district  of  San  Francisco  immediately  after 
the  earthquake  nnd  l>efore  the  fire  had  destroyed  the  evidences  of 
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Ih  the  breaking  of  the  conduits  and  mains,  left  the  fire  practically  in 
roTitrol  "f  the  situation.  Some  attt^mpts  were  made  to  stop  its 
progress  with  dynamite,  but  from  what  evidence  I  was  able  to  obtain 
I  doubt  very  much  whether  a  great  deal  was  accomplished  by  this 
means.  It  is  probable  that  at  one  or  two  points  where  the  fire  had 
become  much  less  fierce  its  progress  was  entirely  stopped  by  the  use 
of  dynamite,  but  even  this  much  is  not  certain.  I  am  personally  of 
the  opinion  that  dyniiniite  might  be  used  so  as  to  check  the  progress 
of  a  conflagrntioii,  but  it  has  never  \wen  properly  applied  to  that 
purpose  as  yet.  It  seems  probable  that  if  a  strip  of  property,  a  whole 
city  block  in  depth,  extending  across  the  entire  front  of  the  fire,  were 
selected  sufficiently  far  in  advance  to  enable  it  to  be  completely  razed 
by  dynamite  before  the  fire  reached  it  it  would  prove  an  effectual 
barrier,  especially  if  there  were  water  available  to  keep  the  niina 
thoroughly  wet.  In  the  absence  of  the  water  the  only  way  to  make 
sure  of  the  result  would  Im-  to  have  an  enormous  number  of  men 
ready,  as  soon  as  the  buildings  were  demolished,  to  move  the  dfljris 
to  the  side  neare-st  to  the  approaching  fire.  It  is  probable  that  the 
ruins  would  In-  tn't  on  fire  by  the  dynamite  itself,  but  with  a  suffi- 
cient numljer  of  men,  properly  handled,  the  amount  of  combustible 
matter  along  the  side  next  to  unbumed  property  might  be  so  mate-  ' 
rially  reduced  that  the  fire  would  n^t  be  able  to  cross  the  gap.  I  ■ 
rather  think  that  unless  such  heroic  measures  are  applied  the  use  of  ' 
dynamite  is  just  as  likely  to  do  harm  as  goo<l  in  resisting  the  advHnee 
of  B  conflagration.  It  will  readily  occur  to  anyone  at  all  familiar 
with  such  things  that  to  get  together  the  requisite  numlxr  of  men 
and  properly  direct  their  work  would  require  full  military  control 
of  the  situation:  otherwise  the  measures  described,  while  not  im- 
possible, would  hardly  be  practicable- 
One  or  two  attempts  were  made,  apparently  with  not  a  great  deal 
of  judgment,  to  dynamite  steel-frame  buildings  that  were  on  fire.  I 
understand  that  the  explosive  was  simply  placed  in  the  basement 
loose,  practically  without  any  tamping,  and  detonated.  The  only 
result  was  to  knock  a  few  basement  columns  off  their  foundations  and 
bring  down  a  portion  of  the  floor  construction  above.  I  doubt 
whether  any  gmtd  results  could  lie  obtained  by  trying  to  dynamite  a 
Btcel-frame  building  as  a  means  of  stopping  the  advance  of  a  fire. 
If,  in  a  strip  of  pn)[>erfy  such  as  that  described  above,  any  steel-frame 
buildings  exist.  es|)ecially  if  the  frames  are  protected  with  any  sort 
of  fireproofing.  it  is  prob!il>le  that  more  good  would  result  from 
allowing  them  to  stand,  while  dynamiting  their  combustible 
neighbors. 

It  vould  be  practically  impossible  in  tlie  time  availnble  to  demolish 
a  sterf  frame  so  completely  that  all  of  the  combustible  <U'lir\s  «aQ»SA. 
idled.    It  would  yjuvu  mov     "     "         ^  '"^'^"S'.  *"" 
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trously  after  dynamiting  than  if  the  building  were  left  intact.  A 
good  plan  in  such  a  case  n'ould  be  to  remove  all  the  combustible 
contents  of  the  building  before  the  fire  reached  it,  throwing  them  out, 
if  no  other  course  were  o[>en,  on  the  side  next  to  the  advancing  con- 
flagration. Under  such  circumsitances  the  average  fireproof  building, 
while  it  might  be  ruined  itself,  would  probably  act  as  a  barrier  to  the 
spread  of  the  flames  l>eyond  it,  although,  of  course,  it  could  not  pre- 
vent the  fire  from  working  around  the  sides  if  neighboring  com- 
bustible buildings  were  not  removed. 

A  certain  amount  of  damage  in  addition  to  that  caused  by  the  fin- 
and  earthquake  was  done  in  San  Francisco  by  the  dynamite  use<l  to 
blow  down  dangerous  walls.  More  specific  data  on  this  point  are 
presented  in  the  detailed  descriptions. 

TEMPERATURE    OP   THE    BALTIMORE    AND    SAN    PRANCISCO    PIRES. 

The  apparently  more  complete  destruction  by  fire  at  San  Francisco 
than  lit  Baltimore  immediately  raises  questions  as  to  the  probable 
temperature  of  the  Sun  Francisco  fire.  I  noted  everything  coming 
under  my  observation  which  would  seem  to  give  an  idea  as  to  the 
prol>able  temperature  prevailing,  and  I  am  personally  of  the  opinion 
that  the  San  Francisco  fire  was  appreciably  hotter  than  that  at  Balti- 
more. Thus,  in  places  which  had  been  occupied  by  hardware  stores  I 
saw  kegfiils  of  nails  with  the  wood  all  burned  away,  but  with  the  nails 
still  standing  up  in  a  compact  mas.s,  retaining  the  shape  of  the  keg, 
owing  to  the  fact  that  they  had  been  partially  welded  together.  In 
other  places  kegfuls  of  nails  which  had  evidently  fallen  at  least  one 
story 
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sheet  metfll,  though  they  showed  no  evidence  of  melting,  had  been 
almost  completely  burned  up,  so  that  they  were  full  of  holes,  and  the  , 
metal  itself  presented  the  same  appearance  as  iron  that  had  been 
burned  in  a  blacksmith's  forge.     In  the  warehouse  of  the  Waterhouae 
&  Lester  Company,  on  Howard  street,  some  racks  of  steel  bars  were   . 
precipitated  into  tlie  Imspment  when  the  building  collapsed.     These  ' 
bars  were  partialiy  welded  logelher  by  heat.     (See  also  PI.  LI,  B.)   ■ 
In  the  ruins  of  ghi-sswiiic  and  chitia  stores  the  glass,  as  a  rule,  wftS 
completely  melted,  and  many  articles  of  porcelain  ware  had  become 
softened  and  distorted  in  all  manner  of  shajies.  indicating  a  hi^ 
temperature,  as  porcelain  is  made  of  very  refractory  material. 

AH  things  considered,  I  am  inclineil  to  think  that  temperatures 
considerably  in  excess  of  ^,000°  F.  were  not  at  all  uncommon  in  the 
San  Francisco  fire,  although  there  were  manifestly,  in  the  burned 
area,  places  where  no  such  temi)eratui-e  was  reached.  Very  few  oiSce 
buildings  were  subjected  to  such  intense  heat,  except  here  and  there 
in  individual  rooms,  where  thei'e  was  evidence  of  the  storage  of  rec- 
ords or  other  combustible  matter  in  large  quantities;  but  the  depart- 
ment stores,  dry  goods  stores,  and  other  buildings  of  mercantile 
occupancy  evidently  suffered  from  temperatures  at  least  as  high  as 
•J..0()0°  F,  In  mercantile  buildings  these  high  temperatures  seemed  to  J 
be  the  rule  and  not  the  exception.  1 

EAKTIIQirAKE-   AND    I'IKK-KE8I8TIN<;    QUALITIES    OF 

8TBUCTimE8    AX1>   8TRI'CTl"RAr.   MATEltlAT^W. 

EFFECT  OF  FIRE  ON  GOVERNMENT  AND   ■■  CLASS  A"  COMMERCIAL 
BUILDINGS. 

So  far  as  re.sii5tance  to  the  fire  is  concerned,  the  only  buildings  that 
presented  anything  of  interest  were  naturally  the  monumental  public 
buildings  and  the  conimercial  fireproof  buildings  of  the  better  class; 
that  is,  practically  of  class  A.  The  fire  did  not  succeed  in  entering 
the  mint  nor  the  appraisers'  stores.  It  got  into  the  upper  story  of 
the  new  post-oflice  building  at  one  corner,  and  cleaned  out  a  court 
room  and  its  adjoining  offices;  but  it  was  held  at  this  point,  and  the 
post-office  building  itself  was  not  involved  in  a  fierce  conflagration 
such  as  that  which  ruined  many  of  the  commercial  buildings.  The 
fire  got  into.the  new  cily  liall.  and  succeeded  in  wrecking  the  portion 
which  was  not  ruined  by  the  earthquake. 

VAULTS   AND    SAFES. 

In  many  of  the  office  buildings  in  San  Francisco  suiteR  of  offices 
were  equipped  with  vaults,  some  of  which  were  fairly  capacious  and 
provided  with  doors  of  more  or  less  efficient  ap[M>arance,  a  number  of 
tbem  bavilig  the  ordinary  vestibule,  with  both  inner  uvd  i^\Akc  (^.<»:«%. 
"""  "  'or  partitions  of  the  boiliittj^  cssisi^R)^  "A  \si^^ 
-07 ff 
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furring,  l&thing,  aiid  plaster,  th«  wallii  of  the  vaults  were  likewise  of 
these  materiiilH.  Where  the  interior  partitions  consisted  of  hollow 
tile,  the  walls  of  the  vaults  were  of  hollow  tile  also.  Although  I 
examined  a  great  many,  I  did  not  see  a  single  vault  partitioned  off 
either  with  metal  lathing  and  plaster  or  with  hollow  tiles  that  pre- 
served its  contents.  I  was  informed  by  some  gentlemen,  who  were 
apparently  connected  with  the  Spring  Valley  Water  Company,  that 
on  the  top  floor  of  their  building  a  vault  walled  off  with  hollow  tiles 
had  protected  its  contents,  but  that  the  corner  of  the  building  in 
which  it  was  situated  had  not  been  completely  gutted,  so  that  the 
vault  did  not  receive  a  severe  test. 

In  the  Baltimore  fire  there  were  u  nnmber  of  vaults  walled  off  with 
hollow  tiles,  and  all  that  I  hapi>ened  to  see  during  my  inspection  of 
the  ruins  in  Baltimore  had  failed.  The  sanie  thing  was  in  evidence 
everywhere  in  San  Francisco,  and  it  is  my  opinion  that  this  result 
could  have  been  predicted  with  absolute  certainty  at  the  time  these 
vaults  were  built,  from  data  then  available.  To  all  external  appear- 
ances, no  doubt,  the  vaults  looked  like  secure  places  in  which  to 
keep  valuables;  as  a  matter  of  fact,  they  were  the  flimsiest  kind  of 
shells,  not  capable  of  resisting  any  sort  of  determined  attack  from 
either  fire  or  bnrghirs.  The  tenant  would  have  been  better  off  with- 
out the  vault,  for  in  that  case  he  would  probably  have  carried  his 
papers  to  some  other  point  where  they  would  have  had  a  better 
chance  to  escape  the  fire. 

The  only  vaults  I  saw  that  came  through  a  really  fierce  fire  without 
damage  were  those  built  of  brickwork   (PI.  LTI,  .1).     Even  these 


l»een  prevented  with  an  adequate  ihhiiIxt  nf  Imlts  I  do  not  know,  but 
in  an  important  vault  it  would  seem  wortli  while  to  have  tho  outer 
door  at  least  filled  in  the  same  manner  an  iho  door  of  a  fireproof  safe. 
If  it  were  built  in  this  way  it  would  probably  not  warp — at  least 
not  enough  to  let  the  fire  in. 

To  jndge  from  the  safes  which  I  saw  opened,  very  nearly  three- 
fourths  of  the  safes  in  the  San  Franci.ico  fire  failed  to  protect  their 
content*  (PI.  LII.  B),  and  as  u  i-esult  the  loss  of  valuable  papers 
and  records  must  havu  been  very  extensive. 

BEHAVIOR  OF   STRUCTURAL   MEMBERS   ANU  MATERIALS. 

The  commercial  fireproof  buildinps  in  San  Francisco,  in  my  jiidg- 
ment,  suffered  con.siderably  more  damage  than  ciirrespouding  build- 
ings in  the  Baltimore  conflagration.  In  the  San  Francisco  fire,  for 
the  first  time,  the  collapse  of  protected  steel  frames,  due  to  the 
destruction  of  the  fireproof  covering  at  a  comparatively  early  stage 
in  the  fire,"  was  a  matter  of  conmion  occurrence.  Practically  all  of 
the  floor  construction  in  fireproof  UuildingM  in  San  Francisco  consisted 
either  of  hollow  terra-cotta  flat  arches  or  of  i-eenforced-concrete  slabs,  ■ 
cHrried  on  steel  floor  beams.  In  a  few  buildings  steel  columns  and  1 
girders  were  used,  with  reenfoiTed -concrete  beams  and  slabs  covering  I 
the  space  between  (he  girders.  Steel  girders  were  more  generally 
protected  with  metal  lathing  and  plaster,  or  with  solid  concrete  fill- 
ing, than  with  anything  else,  but  terra-rotia  covering  was  also  used 
to  a  considerable  extent.  The  lower  flanges  of  beams  were  in  some 
buildings  unprotected;  in  others  they  were  covered  with  metal  lath- 
ing and  plaster;  and  in  still  others  (a  rather  general  practice),  there 
was  a  ceiling  composed  of  light  furring  angles  and  metal  lathing, 
fastened  below  the  floor  construction  and  plastered.  Most  of  the  steel 
beams  and  girders  in  the  floor  construction  had  no  other  protection 
for  their  lower  flanges  than  this  furred  ceiling,  even  where  the  webs 
were  protected  by  a  solid  concrete  filling. 

Columns  were  generally  protected  in  one  of  three  different  ways, 
as  follows : 

1.  With  hollow  tiles  adapted  to  either  a  circular  or  square  section, 
the  webs  being  about  five-eighths  of  an  inch  thick,  and  the  total 
thickness  of  the  tile,  including  w^ebs  and  hollow  space  within,  being 
about  2i  or  3  inches.  The  tiles  were  from  12  to  is  iuches  in  length 
and  about  12  or  1">  inches  wide. 

2.  With  metal  lathing  and  plaster  surrounding  tho  column,  so  as 
to  leave  an  air  space  of  alioul  I  nr  \\  iiiclies. 

3.  With  a  solid  covering  of  concrete  from  2  to  +  inches  thick. 

In  addition  to  this  protection  the  columns  in  the  walls  w*t«  ^kwct- 
-11,.  ^-^^^A  ™.;*i,  I  inches  of  brickwork,  and  m  oiveW\\*V\v.?,S^>R^ft^*'* 
of  metal   lathing   around  iao\ale4  coWm^s, 
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inner  covering  having  one  coat  of  plaster  applied  and  the  outer 
covering  having  the  full  two  or  three  coats  required  for  the  finishing, 
as  the  .case  might  be. 

In  a  general  way,  practically  none  of  the  column  protection  in 
San  Francisco,  except  the  4-inch  brick  covering,  was  adequate.  The 
coverings  of  terra  cotta  and  of  metal  lathing  and  plaster  failed  abso- 
lutely. Although  there  were  a  great  many  individual  columns  pro- 
tected with  other  coverings  which  suffered  only  small  damage,  the  num- 
ber in  which  the  protection  completely  failed  was  so  great  that  the 
statement  is  entirely  justified  that  practically  all  the  coverings  were 
wholly  inadequate  to  resist  any  real  Bre  test.  The  wall  columns 
co%'ered  with  4  inches  of  brickwork  were,  except  in  one  building, 
fairly  well  protected,  so  far  as  I  was  able  to  determine.  None  of  the 
columns  covered  with  cinder  concrete  suffered  any  serious  damage, 
but  there  were  not  many  columns  protected  in  this  way.  Of  the  three 
buildings  in  which  T  particularly  noticed  such  covering,  two  had 
evidently  not  experienced  any  great  heat.  In  the  third  a  column 
covered  with  4  inches  of  cinder  concrete  had  undoubtedly  been  sub- 
jected to  a  heat  that  was  very  intense.  The  concrete  covering  was 
seriously  damaged;  the  column,  however,  had  not  suffered.  This 
case  is  described  on  page  79. 

Interior  partitions  in  San  Francisco  were  built  almost  entirely  of 
hollow  tiles  similar  to  those  used  for  making  square  coverings  on 
columns,  or  else  of  light  metal  studs  covered  with  metal  lathing  and 
plaster.  A  few  were  built  of  brickwork.  In  a  general  way  it  may  be 
said  that  practically  all  the  interior  partitions  that  were  not  built  of 
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are  not  fireproof,  and  a  very  hot  fire  will  invariably  dostroy  them, 
notwithstanding  the  fact  that  they  arc  made  of  nona)nibnstibla 
material.  I  had  rather  expected  to  find  (hat  sonic,  damage  had  been 
done  by  the  earthquake  to  floors  made  of  hollow  tiles  or  brick  arches. 
ITiat  no  such  damage  occurred  was  a  matter  of  some  surprise,  and 
indicates  that  the  vertical  component  of  the  undulation  was  not  very 
great.  It  is  probable  that  the  earthquake  caused  some  cracks  to 
appear  in  the  floors,  but  I  did  not  see  any  which  could  with  certainty 
be  ascriljed  to  this  cause.  It  was  also  a  mutter  of  some  surprise,  that 
some  of  the  partitions  were  not  shaken  down  by  the  earthquake,  con- 
sidering the  ease  with  which  the  fire  destroyed  them. 

So  far  as  fire  damage  was  concerned,  the  floor  systems  in  San  Fran- 
cisco stood  better  than  any  other  portion  of  the  fireproof  buildings, 
although  they  did  not  stand  very  well,  at  that.  The  lower  weba 
came  off  from  the  hollow-tile  floor  arches  in  the  same  way  that  they 
did  at  Baltimore,  but  to  a  very  much  greater  extent.  The  cinder- 
concrete  floor  slabs  in  many  buildings  were  protected  for  a  time  by 
the  furred  ceilings  previously  desi-ribed.  Where  the  ceilings  failed 
at  an  early  stage,  or  whei-e  there  had  been  no  such  ceilings,  the  dam- 
age, to  the  concrete  floor  slabs  whs  very  apparent.  The  concrete  was 
dehydrated  to  a  certain  extent  on  its  lower  surface,  and  in  many  of  I 
the  stabs  the  reenforcement  had  become  so  hot  that  there  was  a  per- 
manent deflection  of  jiieuter  or  less  extent,  accompanied  by  cracks  on 
the  lower  side  in  the  middle  of  the  span. 

Ju.st  how  much  damage  was  done  by  the  fire  to  cinder-concrete  slabs 
was  a  Httle  difficult  to  determine,  for  the  reason  that  most  of  the  cin- 
der concrete  used  in  San  Francisco  was  evidently  a  very  inferior 
article  in  ihe  first  place.  There  was  no  doubt  in  my  mind,  however, 
that  the  concrete  near  surfaces  which  had  been  exposed  to  the  fire 
showed  deterioration,  as  compared  with  that  which  had  not  l)een  ex- 
posed to  the  fire,  although  it  was  all  so  poor  tluit  there  was  not  much 
room  for  difTerence  in  quality,  I  saw  reenforced -concrete  floor  slabs, 
some  of  cinders  and  some  of  stone,  which  were  on  the  point  of  col- 
lapse from  heat  alone,  although  they  had  not  quite  let  go. 

I  also  saw  a  number  tif  terra-cotta  floor  arches  which  had  totally 
collapsed.  Some  of  these  showed  evidence  of  damage  by  masses  fall- 
ing from  above,  but  in  others  the  collajise  seemed  to  have  been  due  to 
heat  alone. 

Girder  and  beam  protection  was  a  little  more  oflicient  than  the 
column  coverings,  but  it  was  not  adequate.  lis  weakness  was  not 
fully  developed,  because,  in  many  places  wlieie  (lie  iici-essnrv  heat 
existed,  the  columns  failed  first  and  let  down  thi-  floors,  so  that  it 
was  not  possible  to  say  how  much  of  the  damage  to  the  floor  members 
was  doe  to  heat  alone.  In  a  general  way,  however,  it  may  be  said 
«!..«  »:»1m  '"•"'rings  of  metal  lath  and  pVastcr  -weiB  -wVtJ^  Nn.'^^- 
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quate,  those  of  hollow  tiles  suffered  serious  damage,  and  those  of 
solid  concrete  failed  a  little  more  commonly  than  they  should, 
although  they  were  the  t>est  of  all.  Many  girders  that  had  been 
covered  with  metal  lath  and  plaster  were  trndly  warped  and  deflected, 
and  some  wholly  collapsed,  from  the  heat  alona  Many  beams  were 
seriously  deflected  from  the  heating  of  exposed  lower  flanges. 

I  was  not  able  to  learn  that  any  serious  damage  had  been  done 
to  column  coverings  by  the  earthquake.  In  some  buildings  columns 
which  had  not  been  exposed  to  much  heat  happened  to  be  standing 
with  their  covering  absolutely  intact,  while  another  column  not  far 
away  in  the  same  story  of  the  building  and  evidently  subjected  to 
isn  intense  heat  hiid  not  only  lost  its  covering,  but  had  itself  been 
practically  destroyed  by  the  fire.  In  no  such  case  was  I  able  to  dis- 
cover any  evidence  of  earthquake  damage  in  the  covering  that  was 
intact,  and  there  was  nothing  to  indicate  that  one  column  might 
have  had  its  covering  damaged  by  the  earthquake,  while  its  nei^bor 
escaped.  More  detailed  information  I'clutive  to  fire  damage  is"  pre- 
sented in  the  discu-ssion  of  the  individual  buildings  (pp.  76-108). 

The  earthquake  did  a  great  deal  of  damage,  which  could  easily  be 
differentiated  from  that  due  to  the  fire.  As  a  rule  brickwork  in  San 
Francisco  was  laid  in  lime  mortar  or  in  lime  mortar  gaged  with  a 
small  amount  of  Portland  cement.  A\nierever  such  masonry  was  sub- 
jected to  serious  earthquake  shocks  it  was  very  badly  shattered. 
Much  of  it  came  down  in  the  ruins,  and  much  of  that  which  remained 
in  place  was  reduced  to  a  loose  pile,  without  any  adhesion  between 
the  mortar  and  the  bricks.  The  bricks  in  general  were  more  or  less 
misplaced  evi.-ii  wlierc  lliey  diii  unt  ('nine  ilowii.  mul  many  of  then 
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In  steel-fruiue  buildings  put  up  in  the  ordinary  way,  without  any 
special  bracing,  most  of  the  earthqimke  effect  was  localized  in  piers 
lx*tweeii  windows,  as  if  a  horizontal  force  had  been  applied  to  the 
floor  above,  tending  to  slide  it  with  reference  to  ihe  floor  below.  As 
this  effect  occurred  in  both  directions,  the  piers  referred  to  were  gen- 
erally marked  with  X-shaped  cracks,  and  in  addition  the  masonry 
was  apt  to  W  very  much  ^haltered-  There  seemed  to  be  no  general 
rule  as  to  the  place  where  this  shattering  effect  occurred.  In  some 
buildings  the  piers  in  the  one  or  two  stories  near  the  middle  of  the 
height  of  the  building  seefned  to  have  suffered  the  most ;  in  others,  the 
piers  nearer  to  the  roof-  One  tall  building,  which  extended  far  above 
its  neighbors,  was  seriously  damaged  in  practically  every  story  above 
the  neighboring  buihiings. 

It  was  apparent  that  in  some  buildings  the  shock  was  so  severe  that 
probably  no  structure,  however  well  built,  could  have  withstood  it 
abfiiolutely  without  damage.  It  was  equally  apparent,  however,  that 
such  great  exhibitions  of  energj-  were  confined  to  smiill  ai-eas,  and 
that  it  would  be  possible  to  put  up  buildings  in  San  Francisco  which 
would  come  through  n  similar  earthquake  with  very  little  damage 
except  to  individual  buildings  here  and  there.  ■, 

Hollow-tilo  work  seemed  to  be  badly  shattered  by  the  earthquake    , 
in  a  great  many  places.     Well-executed  stone  masonry,  as  a  rule, 
AfMtii  Iwtler  thnn  brickwork.     Brickwork  built  with  good  hard  bricks. 
laid   in   Portland-cement   niorlar,  stood   better  Ihiin    that  built  with 
inferior  bricks  or  inferior  mortar. 

Of  all  the  structures  which  were  manifestly  exposed  to  severe  shock 
the  concrete  buildings  at  Palo  Alto  stood  (>est.  It  would  seem 
to  be  a  general  rule  that  increased  tensile  strength,  even  in  a  brittlf! 
material,  greatly  increased  the  resistance  to  earthquake  shock.  The 
height  above  the  ground  at  which  the  damage  was  greatest  appeared 
to  be  largely  a  function  of  the  distribntinn  of  mass  in  the  structure 
itself,  combined  with  the  distribution  of  the  bracing.  If  the  base  of  a 
tall  steel-frame  building  were  subjected  ton  vibration  tending  to  tilt 
it,  manifestly  some  time  would  be  rwiuired  to  si't  the  upper  part  of  the 
building  in  motion.  As  the  vibnitinn  evidenlly  occurred  in  both 
directions,  there  would  be  a  reversal  nf  motion  before  the  upper  part 
of  the  building  had  responded  to  the  firs!  impulse.  Under  these  cir- 
cumstances there  would  be  e>tiiblished  somewhere  a  cenler  of  oscilla- 
tion, where  very  severe  stresses,  due  to  tlie  acceleration  of  the  superin- 
cumbent'mass,  would  be  hirjicly  c()iicen(r;ited. 

It  might  have  been  supposed  that  must  of  the  dostruclive  effect  of 
such  action  would  be  manifested  at  the  joints  in  a  steel-frame  build- 
ing; bat  around  the  joints  are  concentrated  the  ertds  of  the  floor 
beams  and  girders,  together  with  the  floor  cOTvATM<A.\au,  wA  ^  "Cafc 
...J  only  port\oi\  oi  Wve  -waWs  -^V^^  Na  "srsc- 
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fectly  solid.  The  shafts  of  the  columns  at  about  midstory  height  are 
therefore  less  efficiently  braced  than  the  portions  on  a  level  with  the 
floors.  Moreover,  it  is  prolwhle  that  the  play  in  the  connections  of  the 
steel  work  at  the  floor  level  would  permit  a  little  motion  here  with- 
out any  damage,  provided,  in  the  meantime,  the  bracing  at  mid- 
story,  due  to  the  masonry,  is  sufficient  to  preserve  the  structure  from 
collapse;  thus  the  connections  would  escape  without  material  damage. 
As  a  matter  of  fact,  some  snch  action  seems  to  have  taken  place. 
There  was  very  little  damage  at  the  points  where  the  steel  work  was 
fastened  together;  at  least,  very  little  that  was  apparent. 

The  failure  of  the  masonry  in  the  piers  seems  to  have  prevented 
the  columns  from  being  broken  across  in  the  middle  or  permanently 
deflected.  It  is  an  interesting  speculation  how  near  some  of  the 
nnbraced  steel-frame  buildings  were  to  total  collapse  under  the 
stresses  above  descrit>ed.  In  my  judgment  many  of  them  were  a 
little  too  near  for  safety.  I  saw  a  number  of  field  bolts  or  rivets 
that  I  thought  had  probably  been  sheared  by  the  earthquake,  but  as 
to  most  of  them  I  was  not  sure  that  they  had  ever  been  in  place.  In 
one  or  two  instances,  however,  the  earthquake  effect  was  indisputable. 

As  it  is  very  difficult  to  discuss  the  earthquake  effect  in  a  general 
way.  however,  it  will  be  taken  up  further  in  connection  with  the  sub- 
joined detaile<l  description  of  the  effect  of  the  earthquake  and  fire 
on  individual  buildings  in  San  Francisco. 

BEHAVIOR  OF  INDIVIDUAL  STRUCTURES. 
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XXV,  A,  shows  the  corner  of  the  building  and  the  siilwidence  at 
the  street  at  this  point.  The  inlet  at  the  corner  indicates  the  original 
level  of  the  sti-eet.  There  was  a  vault  under  the  Market  street  side- 
walk, immediately  behind  the  wall  at  the  curb  line.  The  basement" 
floor  in  this  vault  was  of  concrete  and  had  a  total  thickness  of  7  or  8  " 
inches.  The  earthquake  caused  the  earth  to  bulge  np  in  the  portion 
of  the  basement  nnder  the  sidewalk,  rupturing  the  concrete  floor 
and  turning  it  np  on  its  edge,  so  that  where  there  had  previously 
been  a  clear  headroom  of  7|  feet  the  highest  point  of  the  bulge  was 
within  3^  feet  of  the  beams  carrying  the  sidewalk.  The  columns 
were  of  steel,  pi-oteeted  with  expanded  metal  and  plaster.  The 
girders  were  of  steel  anil  the  space  between  them  was  spanned  by 
reen  forced-con  Crete  construction.  The  reen  forced -concrete  beams 
were  formed  on  the  lower  edge  by  a  curbed  piece  of  flat  steel  (PI, 
XXIX,  B).  The  concrete  floor  construction  was  damaged  by  the 
heat  to  such  an  extent  that  a  heavy  loud  of  sheet  iron  on  the  third 
floor  broke  through,  though  it  did  not  fall  through  Iwdily.  The 
expandei!  metal  that  was  used  for  reenforcing  the  slabs  from  rib  to 
rib  evidently  got  hot  and  was  ruptured  at  this  point. 

The  cinder  concrete  used  in  the  floor  construction  of  this  building 
was  badly  damaged  by  the  heat,  although  the  heat  could  not  hitvtt  J 
been  very  intense,  as  otherwise  the  ribs,  with  Iheir  exposed  met«lij| 
reen  force  m  en  t,  must  have  failed.    Moreover,  the  girders  did  not  have   ! 
their  lower  flanges  protected,  yet  they  remained  straight,     A  -great 
many  of  the  ribs,  however,  were  deflected  very  considerably,  but, 
owing  to  the  fact  that  they  were  curved  to  begin  with,  this  deflection, 
due  to  the  Iht-  damage,  was  not  very  apparent.     The  <M)lturiiiri  them- 
selves were  practically  uninjured,  although  the  column  covering  was 
severely  damaged  and   will   probably  have  to  be  totally   renewed. 
There  were  some  terracotta  partitions,  terra -cotta  furring,  and  furred 
ceilings  in  this  building,  all  of  which  totally  failed.    The  brick  wall 
lit  the  west  side  of  the  building  exhibited  some  earthquake  cracks, 
end  at  a  number  of  places  the  brickwork  spalled  nnder  the  heat. 

AI'I'KAISEIW'    WARKIIOHMB. 

The  appraisers'  warehouse  was  a  very  heavy  structure,  built  on  the 
old-fashioned  ninnuniciilal  jjlan.  (I'l,  XXVIII,  .1.)  It  was  entirely 
of  brickwork,  with  some  stone  trimmings,  and  the  exterior  brick- 
work was  laid  with  full  header  courses.^  It  was  practically  undam- 
aged by  the  earth«]uake.  the  chimney  even  being  loft  standing,  and  the 
fire  did  not  get  into  it.  It  is  probable  that  the  shock  at  the  site  of 
this  baildtng  was  not  so  severe  as  it  was  at  some  other  places,  or  the 
chimneys,  at  any  rate,  would  have  been  thrown  down.  The  building 
itfwif  «hrtw«  ft  very  few  slight  cracks,  ■wh\c\\  nwij  >a.VJ«.\K«(\.  ft»&  va 
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ordinary  settling  and  not  at  all  to  earthquake.  Mr.  Roberts,  the  local 
representative  of  the  Supervising  Architect's  OfGce,  informed  ine  that 
during  the  construction  of  the  building  ther«  had  l>een  some  unequal 
settling,  so  that  one  end  was  about  IJ  inches  lower  than  the  other, 
but  that  this  settling  had  been  at  a  uniform  rate  from  one  end  to  the 
other,  so  that  it  had' caused  practically  no  damage.  On  the  interior 
there  were  many  solid  brick  partitions,  with  some  unprotected  cast- 
iron  columns.  The  floor  construction  was  of  steel  or  iron  beams 
and  segmental  brick  arches  with  a  span  of  3  to  (i  feet. 

It  is  worthy  of  note  that  immediately  after  the  earthquake  and 
fire  three  of  the  very  few  buildings  in  the  burned  district  which  were 
absolutely  open  and  ready  for  business  in  every  particular  were  the 
]X)st-office,  the  mint,  and  the  appraisers'  wai-ehouse.  The  massive 
construction  used  in  these  Government  buildings  would  appear  to 
have  been  a  very  good  investment. 

ARON80N   BUILDING. 

The  ordinary  ten-story  steel-frame  structure  at  the  comer  of  Third 
and  Mission  streets  known  as  the  Aronson  Building  had  terra-colta 
c<»lumn  coverings  and  partitions  and  cinder-concrete  floors,  ull  of 
which  were  of  the  types  described  in  this  paper  as  conmion  in  com- 
mercial buildings.  The  building  seems  to  have  been  occupied  for 
tight  commercial  purposes,  and  the  fire  test  to  which  it  was  subjected 
was  therefore  somewhat  more  severe  than  that  prevailing  in  office 
buildings. 

A  column  in  the  basement  was  buckled,  and  two  of  the  columns  on 
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think  that  in  one  or  two  other  buildings  in  which  there  was  a  general 
collapse  of  the  steel  siiperwlnictiire  worse  columns  than  this  one  couUl 
have  Iwen  fonnd  under  the  debris.  The  debris  was  not  cleared  away 
while  I  was  in  San  Francisco,  so  I  had  no  opportunity  to  see  the  con- 
dition of  many  columns  that  had  evidently  failed. 

The  basement  of  the  Aronson  Building  was  divided  into  several 
rooms  by  hollow-tile  partitions.  The  room  in  which  the  buckled 
column  was  located  hud  evidently  contained  an  enormous  amount  «f 
paper  in  some  form  or  other,  and  the  heiit  g;encrated  must  have  been 
very  intense.  The  fire  broke  through  the  hollow-tile  partition  which 
separateii  this  room  from  the  adjacent  one,  but  there  was  very  little 
that  was  combustible  in  the  latter,  and  the  column  standing  there  had 
its  fireproof  covering  entirely  intact.  Examination  showed  that  the 
w<irk  in  this  building  was  neither  better  nor  worse  than  the  average 
of  similar  work  anywhere  else  in  the  San  Francisco  commercial  build- 
ings. A  plain  and  inevitable  inferen«^  is  that  wherever  such  work 
was  practically  undamaged  the  fire  test  was  not  at  all  severe. 

In  the  same  part  of  the  basement  as  that  in  which  the  above- 
mentioned  oohinin  was  situated— that  is,  under  the  Third  street  wall 
of  the  building — there  were  two  columns  covered  with  cinder  concrct*. 
The  concrete  covering  on  one  column  made  a  very  large  and  heavy  ' 
pier;  on  the  other  it  was  about  4  inches  thick.  It  was  apparent 
that  the  heat  in  this  fn)nt  portion  of  the  r(««n  was  not  quite  as 
severe  as  it  was  farther  back,  where  the  buckled  column  was.  Not 
only  was  there  very  much  less  evidence  of  fire  in  the  way  of  ashes, 
etc.,  but  the  general  indications  pointed  to  a  considerably  lower  tem- 
perature— although  the  heat  at  this  point  was  very  severe,  neverthe- 
less. The  larger  cinder-concrete  pier  was  evidently  damaged  to 
some  extent  by  the  heat.  The  cement  had  apparently  been  dehy- 
drated to  a  depth  of  one-fourth  to  three-eighths  of  an  inch  on  the 
flat  surface,  and  to  a  greater  depth  at  the  corners.  The  other  pier 
showed  more  evidence  of  intense  heat.  It  stood  opposite  the  middle 
of  the  room,  where  tlienf  seems  to  have  been  the  greatest  accumula- 
tion of  combustible  mutter.  AVhen  I  first  saw  this  column  the  cinder 
concrete  was  dead  and  friable  to  a  depth  of  nearly  an  inch.  How 
much  of  this  was  due  io  original  p(H>r  quality  and  how  much  to  the 
action  of  the  fire  was  dillicult  to  dcteiinine,  but  lire  damage  was 
very  evident.  This  pier  showed  cm  the  surface  a  number  of  hmgitu- 
dinal  cracks  running  from  lop  to  bollom,  indicating  tliiit  (here  had 
been  a  tendency  for  the  concrele  to  fail  and  come  off  under  the  ex- 
pansion stresses.  At  a  later  inspection  a  part  of  thi'  conerele  covering 
of  this  column  had  been  knocked  off,  and  i(  then  iK-caiiie  apparent  that 
the  cracks  above  referred  to  had  extended  entirely  in  to  the  surface  of 
the  column  itself,  and  enough  heat  had  got  in  to  partly  bum  off  the 
p«'^'  "' —  "le  inner  edges  of  the  cr&cks. 
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The  stairways  in  this  building  had  apparently  been  partitioned 
off  by  hollow-tile  partitions,  but  these  were  totally  wrecked,  and  the 
stairways  were  in  such  condition  that  it  was  only  with  great  diffi- 
culty and  by  going  on  all  fours  that  they  could  be  used  to  reach  the 
upper  story.  In  the  west  wall  of  this  building  I  saw  the  remains  of  a 
wire-glnss  window,  with  metal  sash  and  frame,  which  had  been  prac- 
tically destroyed  by  the  heat — probably,  however,  as  a  result  of  a 
simultaneous  attack  by  the  fire  from  both  sides.  Wire  glass  seems 
to  have  done  some  good  service  in  other  buildings  in  San  Francisco, 
although  in  the  Merchants*  Exchange,  as  in  the  Aronson  Building, 
it  failed  completely,  so  that  a  constructing  engineer,  who  had  drawn 
his  conclusions  entirely  from  what  he  saw  in  the  Merchants'  Ex- 
change, was  disposed  to  condemn  wire  glass  outright. 

BUMXX;K   a   JONES   RTTILDING. 

The  steel-fragie  Bullock  &  Jones  Building  was  faced  with  orna- 
mental terra  cotta,  with  hollow-tile  column  covering  and  reenforced- 
concrete  slabs  which  were  haunched  on  the  beams,  the  slab  reenforce- 
ment  apparently  not  being  continuous  over  the  tops  of  the  beams. 
Some  of  the  floor  slabs  collapsed,  and  the  column  coverings  failed 
entirely.  Two  columns  in  the  third  story  had  buckled  in  the  same 
way  the  columns  buckled  in  the  Aronson  Building.  This  building 
was  rather  more  flimsy  even  than  the  average  commercial  building, 
and  the  fire  nearly  brought  it  down.  PI.  XXVI,  A,  is  an  interior 
view  sliowing  the  buckled  columns  in  the  second  story.  It  will  be 
oliserved   that  pipes  were  run  up  inside  of  the  column  coverings. 
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tinuous  over  the  t<ip  of  the  beam ;  otherwise  the  contitruction  is  noth- 
ing but  an  arch,  and  develops  the  thrust  to  be  expected  of  an  arch. 
Moreover,  as  a  rule,  tie-rods  are  omitted  when  reen  forced -concrete 
floor  slabs  are  used,  and  it  was  naturally  to  bo  es|ie<"ted  that  reen- 
forced -cone ret e  floor  slabs  of  this  type  would  collapse  to  some  extent; 
the  wonder  is  that  they  did  not  collapse  to  a  greater  extent  in  the 
Bnllock  &  Jones  Building.  The  tire  damage  to  ornamental  terra 
cotta  in  this  building  was  very  conspicuous. 


Of  all  the  commercial  buildings  in  San  Francisco,  by  far  tlie  most 
interesting  was  that  known  as  the  Call  (or  Spreckels)  Building,  at 
the  corner  of  Third  and  Market  streets.  This  building  is  remarkable 
for  the  care  and  skill  shown  in  the  design  of  its  steel  work.  It  is  a 
steel-frame  building,  all  the  walls,  floors,  partitions,  etc.,  being  car- 
ried on  steel  work.  It  has  15  main  storie.s,  in  addition  to  the  stories 
in  the  dome,  or  cupola,  and  rests  upon  a  continuous  foundation  com- 
posed of  concrete  reenforced  with  steel  beams.  The  building  proper 
is  about  75  feet  square,  but  the  foundation  is  about  !)0  by  110  feet,  , 
and  was  carried  to  a  depth  of  about  25  feet  below  the  sidewalk  level. 
A  fairly  complete  and  satisfactory  description  of  this  building  was 
published  in  the  Engineering  Record  of  April  9  and  IH,  1898.  ■ 

In  the  first  four  stories  above  the  street  the  bents  of  the  steel  work 
adjacent  to  the  four  corners  of  the  building  on  each  side  were  braced 
with  solid  portal  braces.  In  addition,  eight  interior  l)ents  were 
braced  with  diagonal  tiebars  from  top  to  bottom.  At  all  junctions 
of  girders  and  beams  with  columns  knee  braces  were  used.  The  de- 
sign of  this  steel  work  is  well  worthy  of  study  by  anyone  intere.sted  in 
such  structures.  It  is  probably,  on  the  whole,  the  best-designed 
piece  of  such  work  in  the  United  States.  Another  remarkable  thing 
about  it  is  that  the  execution  was  apparently  as  good  as  the  design. 
In  a  number  of  places  where  the  fireproofing  had  come  off  the  connec- 
tions were  exposed,  and  the  workmanship  here  seemed  to  have  been 
practically  as  goo<i  as  it  could  well  be  made.  I  particularly  noticed 
the  column  bearings,  and  they  seemed  to  l>e  absolutely  close  and  true. 
Inaccurate  column  bearings  in  building  work  are  so  often  seen  that 
one  is  almost  justified  in  saying  that  they  are  the  rule  rather  than 
the  exception;  but  in  tlie  Call  Building  such  connections  as  were 
exposed  to  view  had  l>eeii  put  together  witJi  extreme  accuracy. 

The  column  covering  in  this  building  was  of  hollow  tiles,  about  3 
inches  thick,  with  very  (bin  webs.  Partitions  were  built  of  the  same 
material.  The  floor  construction  was  of  reenforced  cinder  concrete. 
Some  furred  ceilings  composed  of  wire  lathing  and  light  furring 
"**^ —  •"•*—  aigo  used.    The  outer  \Tatts  wetft  tuirci^-  -wX'Cq.  V\s>.^ 
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hollow  tiles.  When  I  saw  the  building  the  column  coverings  and 
paiiitions  throughout  were  either  down  or  so  badly  shattered  that 
nearly  all  of  them  would  have  to  be  taken  down  and  rebuilt,  and 
the  furring  had  fallen  from  many  of  the  outer  walls.  The  chief 
engineer  of  the  building  stated  that  it  was  practically  undamaged 
immediately  after  the  earthquake,  and  that  the  fire  which  subse- 
quently gained  access  did  not  damage  it  very  much,  but  that  a  large 
part  of  the  ruin  of  the  partitions  and  column  coverings  was  due  to 
the  concussions  from  the  dynamite  used  in  demolishing  dangerous 
wulls  in  tht>  neighborhood. 

The  hollow-tile  covering  of  the  steel  work  came  down  pretty  gen- 
erally throughout  the  building.  \Vhelher  or  not  this  failure  resulted 
from  the  fire,  close  examination  of  the  steel  work  proved  that  the 
tile  covering  was  totally  inadequate,  because  in  many  places  there 
had  Iteen  heat  enough  to  bum  the  paint  entirely  off  the  steel  and  to 
leave  indications  of  high  temperature  on  the  metal  itself.  Photo- 
graphs taken  of  the  Call  Building  during  the  progress  of  the  fire 
indicate  that  the  fire  was  not  very  fierce,  yet.  in  my  judgment,  some 
of  the  steel  niemlierw  were  very  close  to  serious  damage  as  a  result  of 
it.  So  magnificent  a  piece  of  steel  work  deserved  better  fireproof 
covering  than  it  had;  but,  as  a  matter  of  fact,  the  steel  itself  was 
observed  to  be  fira  blackened  in  many  places.  The  furred  ceilings  in 
this  building  in  general  suffered  so  much  damage  that  they  should 
be  taken  down  altogether.  The  marble  finish  throughout,  while  not 
absolutely  destroyed,  was  so  damaged  as  to  be  worthles.s.  The 
reen  forced -con  Crete  floor  slabs  stood   fairly   well,  but  some   of  the 
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Market  street  by  8  inches  and  Third  street  by  10  inches.  This  indi- 
cates clearly  that  it  is  not  safe  to  trust  the  eye  in  the  matter  of  a 
building  out  of  plumb,  because  when  previously  examined— not  only  . 
once  but  several  times — the  Call  Building  presented  the  Rppearan(» 
of  leaning  away  from  Market  street  instead  of  toward  it.  In  my 
judgment  the  deviation  from  the  vertical  in  this  building  may  have 
been  due  in  whole  or  in  part  to  the  earthquake,  but  it  is  not  at 
all  impossible  that  it  may  have  been  built  out  of  plumb.  With  the 
rigid  type  of  connections  used  in  the  Call  Building,  strict  msthe- 
matical  accuracy  of  constnietion  at  nil  p<iints  would  lie  essential  to 
insure  tlie  exact  perpendicularity  of  the  building.  As  this  ncciiracy 
is  practically  unattainable,  it  is  ordinarily  necessary  to  accept  slight 
deviations  from  the  ]>lumb  line  and  probably,  in  (he  majority  of 
cases,  a  certain  amount  of  torsion  in  the  frame  itself.  So  far  as 
these  deviations  are  kept  within  reasonable  limits  they  make  no 
t«rious  difference,  and  the  building  is  just  as  good  for  all  practical 
purposes  as  if  it  were  [HTfeclly  plumb  and  true. 

On  the  whole,  the  foundations  and  steel   frame  of  this  building 
were  admirably  designed.     The  bracing  of  the  steel  work  seems  to 
have  taken  up  the  vibration  due  to  the  earthquake,  so  as  to  preserve  1 
the  masonry  of  the  outer  walls.     As  long  as  there  is  no  deflection  ] 
sufficient  to  crack  the  masonrj',  there  can  be  no  doubt  that  the  build-  I 
ing  is  safe.     It  is  a  question  whether  other  buildings  which  were  not 
M.    u.-ll    !.ra.;e.l,    and    in    wbirh    the    ]>iei--    lu-lwccn    windows    were 
badly  shattered,  were  not  dangerously  near  collapse,  and  it  may  well 
be  doubted  whether  there  is  not  serious  damage  to  the  steel  work  as 
it  is.     This  matter  could  be  determined  only  by  uncovering  the  steel 
und  making  a  detailed  inspection. 

The  only  safe  plan  in  the  construction  of  steel-frame  buildings 
is  the  one  followed  in  the  Call  Building — that  is,  to  l)race  the  steel 
work  HO  that  by  itself  it  is  able  to  resist  the  stresses  due  to  the  vibra- 
tion. The  engineer  who  designed  the  foundations  and  steel  frame 
of  this  building  may  well  Ik'  gratified  at  the  admirable  manner  in 
which  his  structure  fulHlled  its  purpose.  Had  the  building  been  as 
well  designed  to  resist  fire  as  to  resist  earthquake,  it  is  probable  that 
the  total  damage  would  have  l)een  very  much  less  t-han  it  was. 

CKBUNICI.K    lUlLIUNCS    ((ll,l>    AND    NEw). 

The  old  CbronicK.  HuiKliug  (PI.  XXX.  /!)  seems  to  have  Iieen 
built  in  two  part- — a  we>-(  and  an  east  wing.  The  west  wing  had 
protected  cast-irou  columns,  rolled  l)eams.  and  terra-cotta  fireproof- 
ing.  The  interior  structure  had  entirely  collapsed,  apparently  from 
the  heat.  It  was  impossible,  with  the  debris  piled  arouad  it..,  tn 
what  the  cause  of  the  faVlurft  waa,\ftA.\\.'»;«.'s.'\it<3a*3» 
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due  to  the  buckling  or  rupture  of  a  lower-story  column  by  the  fire. 
In  the  eaiit  wing  of  the  old  building  the  terra-cotta  fircproofing  had 
suffered,  to  a  considerable  extent,  the  typical  damage  which  is  de- 
scribed in  connection  with  the  Aronson  Building  (p.  78)  and  in  the 
general  discussion  of  the  subject  (p.  72).  Many  floor  tiles  had  lost 
their  lower  webs. 

The  new  Chronicle  Building  {also  shown  in  PI.  XXX,  B)  was 
badly  racked  by  the  oarthquRke  from  the  point  where  it  rose  above 
the  neighboring  buildings  to  the  top.  It  seems  to  have  been  pro- 
vided with  knee  braces  tending  to  stiffen  it  in  a  direction  parallel 
to  the  Kearney  street  front.  In  tlie  first  story,  at  any  rate,  there 
were  some  diagonal  braces  in  the  steel  work  of  the  north  wall.  The 
worst  damage  was  to  the  masonry  of  the  Kearney  street  front;  the 
shattering  of  this  masonry  can  be  ol>^rved  by  a  close  inspection  of 
PI.  XXX,  B.  This  building  was  unfinished.  It  had  hollow-tile 
fireproofing,  including  partitions.  The  burning  out  of  the  window 
trim  and  of  whatever  combustible  matter  may  have  been  in  tho 
building,  caused  a  good  deal  of  damage  to  the  hollow-tile  floors, 
especially  near  tlie  windows,  where  the  lower  webs  came  off  almost 
completely. 

The  old  Chronicle  Building  seems  to  have  suffered  very  little 
from  the  earthquake,  notwithstanding  it  must  have  acted  as  a  buttress 
for  the  new  building. 

CITV    HALI,   ANI>    IIALI,  <JV    KE<X)RI)S. 

The  new  nty  hall  in  San  Francisco  (PI.  XXXI),  together  with 
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work  by  any  means.  I  founJ  a.  few  places  where  joints  were  not 
well  tilled,  but  not  a  greater  number  of  such  places  than  one  would 
expect  to  find  even  in  fairly  good  work.  On  the  exterior  the  build- 
ing was  finished  with  stucco,  which  was  tinted  to  imitate  the  grayish- 
green  sandstone  so  much  used  for  building  purposes  in  San  Francisco. 

The  city  hall  was  of  an  irregular  plan,  as  it  was  built  on  a  trian- 
guhir  lot.  The  building  contained  in  the  western  part  an  interior 
court,  in  which  a  nonfireproof  structure  hatl  lieen  erected  prior  to  tha 
earthquake  and  fire  to  accommodate  the  fire-alarm  headquarters. 
On  the  southeast  -front  of  the  building  a  little  to  the  cast  of  the 
center  was  a  rotunda  with  u  tower  and  dome  above  it.  This  town* 
WHS  built  of  brickwork  up  to  the  base  of  the  upper  of  two  peristyles 
of  free  pillars  around  the  outside  of  the  tower.  This  ])eri8tyle  w»a 
composed  of  steel  coliinms  covered  with  hollow  tiles,  so  as  to  form  a 
pillar  of  circular  section  with  an  entasis.  The  walls  of  the  tower 
from  the  base  of  this  jK'ristyle  up  also  sei'ni  to  have  lieen  of  hollow 
liles.  At  the  base  of  the  dome  was  a  floor  composed  of  terra-cotta 
flat  arches.  It  was  wporled  that  the  umsonry  of  the  building  had 
I)een  reenforced  to  a  givnt  extent  with  emlwdded  steel  bars  for  thfti 
purpose  of  increasing  it»  resit^tance  to  earthquake.  I  did  not  notice,] 
any  such  bars  myself,  but  it  was  very  diflicult  to  get  such  access  ttt^l 
tha  debris  as  would  have  permitted  the  verification  of  this  point,         i 

In  a  general  way  it  may  be  said  that  the  southwest  half  of  tha 
building  was  practically  destroyed  by  the  earthquake.  The  heavy 
masonry  was  thrown  down,  so  that  tJie  entire  southwest  half  of  the 
lower  was  left  entirely  exposed,  the  ijome  standing  on  the  steel  work 
nlone.  The  remaining  half  of  the  building  showed  considerable 
damage  from  the  earthquake,  but  the  principal  damage  here  was  due 
to  the  Are.  PI,  XXXI  gives  a  fair  idea  of  the  earthquake  damage 
in  the  southwest  half  of  the  iniilding. 

It  will  be  observed  that  some  of  the  projecting  pilasters  on  the 
exterior  of  the  wall  were  badly  cracked.  A  singular  action  of  the 
earthquake,  as  exhibited  here  and  in  other  places,  was  the  tendency 
to  shear  off  projecting  pilasters  even  though  they  were  built  of  the 
»amc  material  as  the  wall  aiul  well  bonded  to  it.  In  my  judgment 
this  action  was  due  to  the  fact  that  the  eaithquake  caused  the  wall 
to  rock  slightly  sidewise.  AVIicn  it  nuked  toward  the  side  from 
which  the  pilasters  projected,  tlip  ciitiri'  weight  would  be  for  an 
instant  concentrated  on  the  basi'  of  the  iiihihlcr  in  such  a  way  as  to 
tend  to  shear  it  loose  froui  the  wall,  whii^li  iicfuiilly  buppened  in 
many  cases,  the  wnll  presenting  no  otIiiT  cvidouce  of  iliimage  what- 
soever. Instances  of  this  damage  are  jwinted  out  in  the  discussion 
of  odier  buildings. 

~          lation  of  PI.  XXXI,  especially  with  &  ceadiu%  ^»as«,-»«»yO». 
of  the  diagonal  braces  in  ttve  ^^ftX-wotV  ci\'0&ft.Vw«'«s 
324— or 7 
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were  stretched  beyond  their  eliiHtic  limit.  I  found,  on  personal  exam- 
ination in  the  field,  that  many  of  the.  wind  struts  had  almost  slipped 
from  their  seats  on  the  columns.  The  l>olt  holes  or  rivet  holes  in- 
tended for  bolts  or  rivets  to  hold  the  struts  in  place  between  their 
seats  were  not  filled.  Whether  this  was  due  to  the  fact  that  they  had 
been  sheared  by  the  earthquake  or  whether  they  had  been  omitted  in 
erection,  I  could  not  determine  definitely.  The  latter  will  seem  a 
plausible  supposition  to  anyone  familiar  with  the  way  in  which  the 
average  erecting  gang  does  its  work.  A  few  of  the  wind  struts  had 
absolutely  slipped  from  their  seats  and  fallen  down;  but  it  was  not 
possible  to  determine  from  the  visible  evidence  whether  this  damage 
was  due  to  the  earthquake  or  to  the  precipitation  of  the  mass  of 
masonry  upon  the  struts  as  a  result  of  the  failure  of  the  outer  walls. 
Examination  of  the  diagonal  tie-rods  made  it  apparent  that  some 
of  them  may  have  been  stretched  and  bent  by  the  mass  of  masonry 
falling  upon  them,  but  that  others  had  very  clearly  been  stretched 
beyond  the  elastic  limit  by  the  vibration  of  the  tower  during  the 
earthquake.  In  inspecting  the  inside  of  the  rotunda  I  observed  con- 
siderable earthquake  damage  to  the  tower,  including  the  stretching 
of  a  pair  of  diagonal  tie-rods  in  the  dome  by  the  impact  of  the 
falling  material.  The  terra-cotta  floor  at  the  base  of  the  dome  was 
absolutely  intact,  so  far  as  could  be  determined.  I  made  an  effort 
to  get  out  upon  the  steel  work  of  the  tower  to  climb  it,  but  could 
only  get  as  high  as  the  gallery  in  the  rotunda  on  a  level  with  the 
upper  floor  of  the  main  building.  The  means  of  access  to  the  higher 
points  had  been  evidently  destroyed  by  the  earthquake.     The  portion 
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a  tfimponiry  pliitfnmi  ottvoroil   with  bunting;,  wliich  had  evidently- 
be«n  used  on  the  occasion  of  some  mcetiug,  was  practically  undam-  . , 
aged,  except  for  the  material  which  had  been  precipitaled  npoii  it. 

The  main  structure  of  the  building  it.=^lf,  to  the  sniithwest  of  the 
tower,  as  shown  in  tlie  forcgionni!  and  to  the  left  in  PI.  XXXI,  was 
badly  racked  by  tlie  oarthqiialic.  There  was  very  little  damage  from 
fire  in  this  part  of  the  building.  Either  th«  vibration  due  to  the 
earthquake  or  thi'  impact  of  failing  muterial  removed  a  good  deal 
of  pla.ster  from  tlie  walls  in  the  part  of  the  building  immediately 
behind  the  two  columns  that  nre  still  standing,  with  the  portion  of 
the  entablature  that  they  supported.  A  large  part  of  the  building 
was  entirely  gutted  by  the  fire,  so  tliat.  in  my  judgment,  it  would  cost 
about  as  much  to  remove  the  debris  and  restore  this  building  as  it 
cost  to  put  up  the  building  originally. 

In  the  northwest  corner  of  the  building  Iliei-e  was  a  pavilion  which, 
had  a  row  of  frw  coUinms  still  stiiriiUng.     In  the  middle  of  the  west 
front  of  the  building  there  had  bi-eu  a  pavilion  with  a  similar  row 
of  columns,  all  iif  which,  with  their  entablatures,  were  precipitated   . 
into  the  street.     These  columns  were  composed  of  drums  of  cast  iron    ' 
with  annular  rebates  which  enabled  Ihem  to  be  securely  seated  and  | 
centered  on  each  other.     Tlie  interior  of  each  shaft  was  filled  with'  J 
broken-brick  concrete  of  a  very  good  quality.     The  columns  were  * 
very  heavy  and  massive,  and   it  must  have  reipiirf-d  an  extremely 
severe  sh.K-k  to  deliirh  their  entabhilures  from  the  i-est  of  the  build- 
iag  and  then  to  throw  the  whole  mass  into  (lie  stivet. 

The  effect  of  the  fire  on  the  interior  of  the  city  hall  was  very  inter- 
esting. Some  parts  of  the  ceiling  remained  in  place  sufficiently  long 
to  protect  the  corrugated -iron  arches  from  damage:  in  fact,  some  of 
the  ceiling  did  not  come  down  at  all.  Such  a  case  is  presented  in  PI. 
XXVI,  B,  which  shows  the  incipient  failure  of  a  naked  cast-iron 
column  and  a  ceiling  that  was  evidently  on  the  jjoint  of  coming  down. 
Where  the  fire  was  inten.'*  it  brought  the  ceiling  down  in  time 
to  permit  serious  damage  to  the  corrugate<l-inin  arches  and  their  con- 
crete filling.  Wherever  these  arches  were  exposed  ilirectly  to  much 
heat  the  first  effect  was  to  cause  them  to  e.xpand  and  rise  at  the 
crown,  which  generally  resulted  in  slialtering  tlie  ecincrete  filling  im- 
mediately over  the  crown.  Further  application  of  the  heat  caused 
the  corrugated-iron  arch  to  soften  and  conic  d()wn  altogether.  Wlien 
it  did,  the  concrete  followed  it.  the  ])orti(in  at  llie  crown  being  too  ■ 
much  shattered  lo  act  as  a  key.  In  tJiis  way  the  li)ta]  collapse  of 
large  areas  of  floor  <'onsti'ucli(in  in  the  city  halt  was  brought  about. 
The  concrete  arch  woulil  have  stood  better  alone  than  it  did  with  cor- 
rugated iron  underneath  it;  indeed,  it  is  doubtful  whether  any  of  the 
cuicrete  arches  would  have  collapsed  but  for  the  d&nvft.^  ^w\'b\i'3  ^^ciki 
the  corrugated  iron.    The  wmcr^ft  "waa  ol  ».  n«c^  \x 
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quality  and  the  arches  were  very  heavy.  Many  of  tlic  floor  ijeams 
were  24  inches  deep,  and  that  was  consequently  the  depth  of  concrete 
at  the  haunches.  The  thickness  at  the  crown  seems  to  have  I>een  not 
less  than  5  or  6  inches,  and  the  span  between  floor  beams  was  not 
more  than  6  or  7  feet.  A  ('on<-retc  arch  of  such  dimensions  and  such 
span,  even  though  it  had  been  made  of  very  |)oor  concrete,  should 
have  stood  perfectly  well  had  it  been  depending  on  its  own  power  of 
resistance  alone.  In  a  numl>er  of  places  where  the  floor  did  not  col- 
lapse the  effect  of  heat  on  the  exposed  lower  flanges  of  the  24-inch 
beams  was  sufficient  to  produce  a  deflection  of  C  or  7  inches  on  a  span 
of  25  or  30  feet.  This  result  indicates  clearly  the  necessity  of  pro- 
tecting the  exposed  flanges  of  all  beams. 

PI.  XXVI,  S,  shows  some  unconsumed  papers  about  the  base 
of  the  cast-iron  cohimn.  These  papers  came  from  a  vault  which 
opened  into  this  room  and  the  contents  of  which  were  charred, 
but  not  destroyed ;  all  the  combustible  contents  of  the  room  proper 
were  destroyed.  The  dark  splotches  on  the  wall  in  the  backgrotmd 
are  due  to  apalling  of  the  brickwork  at  the  snrface  under  the  influ- 
ence of  the  fire.  This  phenomenon  was  noticed  in  a  number  of  places 
in  San  Francisco,  just  as  it  was  in  Baltimore;  but  as  a  rule  the  spall- 
ing  did  not  penetrate  to  a  greater  depth  than  half  an  inch,  and  the 
wall  itself  was  practically  as  good  as  before.  In  the  fire  at  San  Fran- 
cisco, as  in  every  oiher  large  fire,  the  right  kind  of  brickwork  proved 
to  be  more  resistant  than  any  other  material. 

A  good  deal  of  the  plaster  on  the  interior  walls  in  the  city  hall 
was  on  wooden  furring  studs  and  wooden  laths.     Why  this  kind  of 
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templates  thnt  were  snbjectci]  to  the  lieat  netv  li.iclly  spoiled  and  shat- 
tered, and  one  or  two  of  them  had  failed  sufficiently  to  jiermit  the 
ondfi  of  the  girders  to  settle  an  inch  or  more.  I  also  noticed  a  niim- 
b<^r  of  plnceR  in  the  walls  of  the  hnilding  where  the  fire  had  evidently 
found  its  way  into  the  interior  of  nnfilled  joints  through  very  small 
nnd  tortuous  passages. 

The  hall  of  records  was  ('onnected  with  the  city  hall  by  means  of 
an  arcaded  corridor.  Tlie  building  was  circular  and  oil  the  floors 
above  the  first  were  pierced  so  that  they  practically  formed  galleries. 
The  beanLs  supporting  these  upper  floors  or  galleries  wei-e  of  steel, 
set  radially  and  supported  at  their  inner  ends  by  girdei-s  carried  on. 
a  peristyle  of  12  circular  cast-iron  columns,  which  had  no  fireproof 
covering  of  any  sort.  The  floor  arches  were  segmental  arches  of 
common  bricks.  The  lower  flanges  of  the  iK'Hnis  were  exposed,  but 
the  evidence  indicateil  that  there  must  have  l>«?,n  a  suspended  ceiling 
of  some  sort  Im'Iow  the  fireproof  floor  construction,  although  it  was 
impossible  to  determine  its  nature.  It  is  probable  that  if  was  carried 
on  combustible  suppoi-ls  of  some  kind,  which  have  totally  disap- 
peared. As  the  records  had  lieen  carried  away  from  this  building 
before  the  fire  reached  it  the  heat  within  it  was  not  very  intense  and 
the  interior  of  (he  structure  was  standing  in  a  comparutively  Undam- 
aged condition,  except  for  finish.  Tlie  exterior  walls,  however,  were 
iMidly  shattered  by  the  earthquake.  Tlie  window  shuttere  wer«  of 
iron,  and  if  they  had  remained  in  place,  considering  the  situation  of 
this  building,  would  probably  have  kept  the  fire  out.  As  indicated 
in  the  view,  however,  the  earthquake  wrenched  some  of  these  shutters, 
with  their  sTirrouuding  masonry,  oulircly  nul  of  thi'  wall,  thereby, 
of  course,  leaving  easy  access  for  the  flames. 

As  previously  stated,  it  is  my  opinion  that  to  remove  the  debris 
and  restore  the  city  hall,  including  the  hall  of  records,  to  its  original 
condition  wouhl  cost  as  much  as  the  CTitirc  building  cost  in  the  l)egin- 
ning.  As  it  was  so  badly  damagi'd  by  the  shock  il  would  apparently 
be  wise  to  remove  i(  altngdiicr  and  build  a  stniclui'e  of  another  type  . 
designed  to  resist  carth([Uiil;cs. 


No  special  inlcrot  iillaclics  to  llie  Cowcll  niiilding.  except  that  it 
seems  to  have  Ih'cu  more  tliMi>y  than  ihe  ;ivi'i-;igc.  It  had  unprotected 
steel  work  and  gird-'r^  and  woodcn-ioist.'d  (h.or-.  T!ie  etied  of  fire 
on  the  unpn)te.-te(l  st.'cl  w..rl;  i-  well  iilu-^lrated  in  PI.  LI.  B. 

CROtKKR    BUIl.lMNfi. 

TTie  Crocker  Building  had  a  steel  frame  and  hQUo"w -\.\\fe  ?i.t^-^-^wA.- 
(  of  the  tile  arches  had  totaWj  coWa^aeA,  w\^  <iNfe^  > 
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areas — probably  at  least  30  per  cent  of  the  whole-^they  had  lost  their 
lower  webs.  There  was  nothing  of  special  interest  in  this  building 
more  than  has  been  described  with  other  buildings.  The  damage 
seemed  to  be  about  as  gruut  as  the  average — probably  more  than  CO 
IX! r  cent. 

CROCKER   ESTATE   DITII.DINO. 

PI.  XXVIII,  B,  shows  the  kind  of  damage  to  ornamental  terra 
cotta  which  is  typical  of  both  earthquake  and  fire  action.  This  par- 
ticulnr  %'ipw  was  selected  because  it  was  possible  to  take  it  from  a 
point  near  by  so  as  to  show  the  damage  in  detail.  The  Crocker 
Estate  Ituilding,  a  part  of  which  is  .shown  in  the  view,  had  cinilcr- 
con<Tete  fliKir  slabs,  i-olled  U>unis  imd  girders,  and  naked  cast-iron 
ciilnmns.  The  fii-e  was  evidently  not  very  hot  in  this  building.  The 
lower  flanges  of  the  lieams  and  girders  were  covered  with  expanded 
metal  an<l  plaster.  The  webs  of  the  Ix-anis  were  protected  with  cinder 
concrete  built  out  solid  from  the  webs  to  the  edge  of  the  flange.  The 
rear  portion  of  this  building  and  a  building  of  similar  construction 
on  the  east  had  largely  collapsed,  apparently  as  a  result  of  the  action 
of  the  fii-e  on  the  naked  cast-iron  columns.  At  this  and  every  other 
point  where  exposed  cast-iron  columns  had  failed  it  was  often  noticed 
that  the  heiuls  of  the  columns  broke  off  and  remained  attached  to 
girders  and  bennis  by  means  of  the  lugs  and  bolts.  This  result  con- 
fii'ms  conclusions  derived  from  <*rtain  experiments  made  a  number 
of  years  ago,  to  the  effect  that  tlie  Ings,  ribs,  etc.,  at  the  heads  of  cast- 
iron  cohinms  arc  the  sourw  nf  severe  shrinkage  stresses,  with  conse- 
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reported  that  this  building  was  dynamited  three  times  during  the 
pro^-ess  of  the  fire,  altlioiigh  I  was  assured  by  a  policeman,  who 
claimed  tu  have  been  on  duty  during  the  whole  time,  that  this  report 
was  not  true.  Under  the  i-ircunistanceSj  it  is  a  little  difficult  to  draw 
a  reliable  conclusion  from  the  state  of  affairs  in  the  Emporium. 
However,  examination  of  the  ruins  indicated  very  stronglj'  that  much 
of  the  trouble  was  due  to  the  inude(]uacy  of  the  fire])roof  protection 
to  the'  steel  work. 

PI,  XXXII,  -1,  is  a  general  view  of  the  collapsed  portion  of  the 
building  and  illustratPK  the  failure  of  the  terra-cotta  column  covering 
in  various  stages.  The  hollow-tile  imd-constniction  arches  in  the 
mezzanine  floor  had  tollapsetl  uvvi-  conKiderublc  areas,  under  the 
influence  of  heat  aloue,  as  the  evidence  plainly  indicated  that  nothing 
could  have  been  precipitated  upon  theui  and  that  they  were  not  sub- 
jected to  an  explosion.  A  considerable  jjorlion  of  the  rear  wall  of 
the  Emporium,  which  had  been  thrown  down,  probably  partly  by 
earthquake  and  partly  hv  tlip  fii-e,  pi'esentcd  one  case  of  very  excellent 
mortar  used  in  a  commercial  building.  The  nuirtar  was  better  than 
the  bricks,  and  Ixith  were  of  good  quality.  The  fireproofing  in  the, 
lower  part  of  the  building  was  quite  as  good  as  that  ordinarily  found  l 
in  similar  structures  throughout  the  country.  In  fact,  it  would  boi 
easy  to  point  out  department  stores  not  wo  well  fireproofed  as  thei 
lower  part  of  the  Emporium. 

I  have  always  been  of  the  opinion  that  the  Home  store  in  Pitts- 
burg, which  was  the  first  large  fireproof  department  store  to  be 
tested  by  fire,  was  really  closer  to  collapse  from  the  heat  than  is 
generally  believed.  After  the  CT)V('ring  has  Ix'en  stripped  from  a 
steel  column,  the  time  aiul  heat  required  to  bring  it  down  are  not 
very  great.  The  fact  that  the  covering  comes  off  during  &  fire  ia 
absolute  proof  that  it  iw  wlnWly  inadequate.  If  the  steel  column 
stands  up.  notwilhstnnding  the  loss  of  its  coveriug.  it  is  due  to 
good  luck  and  not  at  all  to  good  firepi'uofing.  In  the  Home  store 
the  covering  was  sirippeil  fnan  a  nnniber  of  columns;  in  the  Empo- 
rium Building  the  same  tiling  hapjH>ue<I,  but  the  heat  continued  a 
little  longer,  and  there  is  no  doubt  in  my  miiul.  after  an  examination 
of  the  ruins,  that  at  least  a  portion  of  tlic  wiUapse  was  due  to  the 
failure  of  the  colinuus  under  Jieat.  The  fl<H)r  tiles  in  the  Emporium 
Building  lost  their  lowei'  webs  in  large  quunlities.  where  the  arches 
themselves  diil  nut  i-oUapM':  inid  lili's  in  IJie  column  covering  which 
did  not  come  off  Ivxiily  al^()  lost  their  cxiiused  webs  in  considerable 
quantities.  The  ruins  of  the  Em]>orium  were  in  a  very  dangerous 
condition,  so  that  a  detailed  insjiection  tvas  not  practicable;  and  it 
is  doubtful  whether  any  useful  results  would  have  followed,  because 
the  fireproofing  was  of  the  ordinary  commercial  type  which  has 
-"-n  enough  been  proved  inadequate  to  i«s\^  i  sixvsraa  Su». 
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FAIR  MOUNT  HCtTEl,. 

The  lower  two  stories  of  the  Fairmoiint  Hotel  (PI.  XXXIV)  were 
of  concrete.  The  next  storj-,  the  first,  was  huilt  of  granite,  appar- 
ently backed  with  brickwork,  and  above  that  the  building  was  faced 
with  ornamental  terra  cotta.  The  earthquake  damage  to  this  terra 
cotta  was  severe.  Neither  the  granite  nor  the  concrete  walls  of  this 
building  seemed  to  have  suffered  materially  from  the  earthquake, 
but  the  granite  was  badly  damaged  by  the  fire.  The  building  was 
surrounded  by  a  wide  open  space,  and  the  fire,  must  have  been  very 
fierce  in  its  vicinity  to  have  ignited  it.  I  was  informed  that  consid- 
erable damage  was  done  to  the  steel  work  and  fireproofing  in  this 
building;  but  as  the  owners,  or  at  least  those  in  charge,  objected  to 
having  it  inspected,  and  as  it  was  an  unfinished  building,  I  made  no 
examination  of  its  interior.  If,  under  the  circumstances,  it  suf- 
fered seriously  from  the  fire.  Ihe  only  conclusion  that  could  have 
been  drawn  was  that  the  fireproofing  was  very  [MKirly  done. 

JAMES   FIX>OD  RDILDINQ. 

The  new  James  Flood  office  building,  situated  on  the  north  side  of 
Market  street,  opposite  the  Emporium  Building,  had  a  steel  frame, 
segmental  hollow-tile  floor  arches,  terra-cofta  column  covering  and 
partitions,  and  furred  ceilings  of  metal  lath  and  plaster.  The  hol- 
low-tile column  covering  and  partitions  failed  in  this  building  in 
the  same  manner  as  in  others,  and  to  about  the  same  extent  as  in  the 

nied  foi 
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and  at  each  principal  entrance  there  was  a  groined-areh  ceiling  made 
of  it.  These  ceilinjjs  weii'  so  badly  LTucked  and  damaged  that  tliey 
will  probably  havu  to  be  tiikeii  iliiwii  and  rebuilt. 


I 


The  structure  at  Seventh  and  Market  streets  known  as  the  Grant 
Building  illustrated  the  eapricitiUH  variation  in  intensity  of  the  earth- 
quake shock  within  short  distimces.  This  building  was  separated 
from  the  ppst-office  by  a  very  narrow  .street,  hardly  wider  than  an 
alley.  The  building  had  cinder-concrete  floor  slabs,  furred  ceilings 
in  the  upper  stories,  and  teri'a-cotta  partitions.  Although  it  was  & 
commercial  building  of  very  ordinary  type,  it  was  only  slightly 
damaged  by  the  earthquake,  but  was  gutted  by  fire.  It  was  entirely 
outside  the  area  of  surface  disturbance,  the  streets  in  its  vicinity 
showing  no  signs  of  settlement  or  upheaval.  The  fire  was  not  very 
hot  apparently,  but  wiis  just  nlx)ut  able  to  take  the  plaster  off  the 
under  part  of  the  floor  construction  without  seriously  damaging  the 
latter.  The  terra-cotta  partitions  were  all  down.  There  was  no 
evidence  of  superiority  of  construction,  however,  as  everythiug 
pointed  to  moderate  tests  by  IwUi  earthquake  and  fire. 

Il.M.I.  Of   .Il'STICE. 

The  TlaU  of  Justice  w«s  one  of  the  municipal  buildings  which  was 
seriously  ihimaged  by  the  earthquake-  A  general  view  is  shown  in 
I'l.  XXXIX,  .1,  but  does  not  bring  out  the  damage  that  really 
occurred.  In  the  basement  of  this  building  was  another  example  of 
buckled  columns.  The  columns  were  covered  with  expanded  metal 
and  plaster.  This  covering  failed  at  a  point  near  the  floor,  and  the 
columns  buckled  and  sank,  producing  the  same  effect  as  if  they  had 
been  punched  into  the  ground.  The  column  coverings  throughout 
this  building  failed  very  gctnTuUy  fi-um  the  Hre. 


The  Kamm  Ruilding  was  situated  on  Market  street,  west  of  the 
Call  Building.  The  ivar  poiliou  was  i-xtciided  eastward  by  a  short 
ell,  so  that  it  was  wider  than  the  fn.nt.  Tt  was  .)ccu|iicd  in  the 
first  story  and  ban'mciit  by  a  wall-paper  (■>tal)li-liiucnt.  The  I'olinnns 
were  protected  by  nu'lal  lalliing  and  plasler. 

The  burning  of  llic  widl  piiper  in  the  biiseniciit  ciiuse.l  geiu'ral 
buckling  of  the  l>as<'nient  colinnns  to  such  an  extent  as  ti>  result  in 
the  collapse  of  all  the  interior  framework  of  practically  the  entire 
rear  portion  of  the  building.  A  good  view  of  this  building  is  to 
*--  '-'i  in  the  Engineering  Record  of  May  ^fe,  Wifi>.,'ai!(v'^*.%%'fA5.- 


94  THE   aAS   FEANCISCO   EAKTSQUAKS   ASD  FIBS. 

KOHL   BUIIJ>INa. 

Tfie  Kohl  Building  was  of  steel-frame  construction  faced  with  the 
grayish -green  sandstone  which  is  referred  to  .so  often.  It  had  reen- 
forced -concrete  floors  with  furred  ceilings  and  partitions  of  metal 
lath  and  plaster.  The  window  frames  and  sash  were  metal  covered, 
and  tliei-e  was  very  little  combustible  matter  in  the  finish.  The 
doors,  with  their  frames  and  jambs,  were  of  wood  covered  with 
sheet  metal.  It  is  manifest  that  this  building  was  not  subjected  to 
very  intense  heat,  a.s  the  windows  above  the  fmirth  story  were 
unbroken  and  the  stone  was  comparatively  undamaged.  The  first, 
second,  and  third  stories  were  burned  out,  and  there  was  some  damage 
in  both  the  fourth  story  and  the  attic. 

The  metal-covered  doors  in  this  building,  however,  prevented  to 
some  extent  the  spread  of  the  fire  within  the  building  itself,  so  that 
where  one  room  burned  out,  the  fire  coming  in  through  a  front 
window,  an  adjacent  room  was  not  burned  because  of  the  resistance 
offered  by  the  door.  The  building  could  hardly  have  been  sub- 
jected to  a  very  fierce  lieat,  however,  for,  if  it  had  been,  the  light 
pariitions  would  have  failed,  in  which  case  the  metal-covered  doors 
would  have  been  of  no  avail.  \\'here  the  heat  was  really  intense, 
the  wood  of  doors,  fi-ames,  and  windows  burned  out  under  the  metal 
anyway,  but  of  course  the  metal  covering  delayed  the  ignition  of 
the  woo<i  and  later  prevented  it  from  burning  freely. 

merchants'  kxchanoe  buiijjing. 
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without,  however,  producing  any  very  large  cracks.  It  is  doubtful 
whether  the  wall  is  really  safe  in  its  present  condition,  <  )n  the  insidd 
of  this  building  some  of  the  wall  columns  wore  covered  with  4  inches* 
of  brickwork  projecting  from  the  inner  face  of  tlie  wall  as  a  pilaster. 
Some  of  these  briclt  coverings  had  cracked  almost  entirely  away  from 
the.  main  walls,  besides  being  cracked  vertically  at  other  points  in  a. 
manner  similar  tothe  cinder-concrete  column  coverings  in  the  base- 
ment of  the  Aronaon  Building  described  on  page  70.  The  brickwork 
in  these  places  seemed  to  have  l>een  rather  below  the  average  Jn 
quality.  It  is  not  entirely  certain  whether  the  fire  or  the  earthquake 
caused  the  cracks,  but  all  the  columns  seem  to  have  been  uninjured, 
although  the  brickwork  of  one  or  two  was  so  badly  damaged  that  it  . 
ougUt  to  !«.'  taken  down  and  rebuilt.  Some  enameled  bricks  were 
practically  ruined  by  the  fire,  wliicli  stripped  olf  the  enamel  face 
(PI.  XL,  .1). 

Mll.lJ*  IllilUtlNO, 

The  large  steel-frame  Mills  Building  was  without  special  bracing. 
The  flours  were  of  hollow  tiles  on  the  end-construction  system,  and  tlW' 
remainder  of  the  fireproofing  was  likewise  of  hollow  tiles.  The  ttlfti 
arches  lo^t  their  lower  webs  to  a  great  extent,  and  Home  of  thentj 
collapsed,  apparently  from  heat  alone;  the  cohimn  coverings  failed) 
very  generally,  and  the  girder  coverings  to  a  somewhat  less  e.'rtent 
(PI.  XLV,  B).  One  basement  column  buckled  under  the  action  of 
the  heat  (PI.  XL,  B).  The  conditions  in  the  Mills  Building  aa  to 
■column  coverings  and  partitions  were  similar  to  those  in  the  Aronson 
Building. 

UNITEO   STATES    MINT. 

The  mint  was  an  old-fashioned  monumental  structure  with  granite 
walls  and  segmental  brick-arcli  floor  construction,  carried  on  iron 
beams.  A  general  view,  showing  the  southwest  front,  is  presented  in 
PL  XXXVIII,  A.  The  building  seems  to  have  been  practically 
uninjured  by  the  earthquake,  the  only  danuige  visible  being  at  the 
base  of  the  right-hand  lirick  stack.  It  is  probable  that  the  shock  at 
the  locality  of  the  mint  wiis  not  so  severe  as  it  was  at  the  new  post-office 
building,  although  the  two  are  only  a  few  blocks  apart ;  yet  the  result 
may  be  an  imlication  thai  the  solid  old-fashioned  umnnmcntal  walls 
with  the  stonework  solidly  backed  up  by  "brickwork  constitute  after 
all  one  of  the  l>est  types  for  iTsisting  enrthiiuake  slioekv. 

It  is  somewhat  surprising  that  the  brick  stacks  were  not  over- 
thrown, but  I  am  informed  that  the  thickness  of  the  masonry  in  these 
st8<^  was  very  great,  which  probably  explains  their  stability.  The 
^ u  /pi  XXXVIII.  B)  and  northeast  iacsa  ol «&»  tk^S. 'sw 
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fonsidprnbly  djimaged  by  the  fire,  hut  the  fire  was  kept  out  of  tho 
building  pn>|)cr  by  iiienns  of  wiiter  from  iiii  artesian  well  equipped 
with  fire  piiinjts,  located  in  the  building. 

MONADNIX'K  liniJlINO. 

The  structure  known  an  the  Monadiiock  Building  was  an  ordinary 
steel-frame  office  building,  which  was  in  process  of  erection.  It  was 
badly  racked  by  the  earthquake.  Every  one  of  the  piers  in  which 
the  earthquake  cracks  appeared  was  so  badly  shattered  that  no  re- 
pairs short  of  tearing  down  and  rebuilding  would  suffice.  As  a 
matter  of  fact,  it  is  probable  that  adequate  repairs  to  the  masonry  in 
the  front  wall  of  this  building  would  involve  reconstructing  more 
than  half  of  it.  It  would  api)ear  that  there  must  have  been  rather 
severe  vibration  to  shatter  the  brickwork  so  ba<IIy.  Whether  the 
ste<'l  (^scaped  injury  i«  a  question  of  considerable  interest,  which  can 
not  be  settletl  until  the  masonry  covering  is  taken  off. 

MllTLAL  LIFE   BUIIJ>INU. 

The  Mutual  Life  Building  was  a  steel-frame  structure  of  the 
same  general  type  as  the  Mills  Building,  and  it  suffered  in  the  same 
general  way.  though  ]M>ssibly  not  quite  so  much.  Some  of  the  floor 
uix'hes  had  collapsed,  apparently  from  falling  weights  of  some  sort. 
(See  PI.  XLII,  .1.) 

r.VCIKlC    STATES    TKI.EninNF.    AND   TEI.EORAPII    HU1L1>ING. 


BBHAVIOB   OP   INDIVIDI'AI,   STBUCTUBBB.  97 

history  of  the  fire  in  this  hiiilding  1  nm  indebted  to  S.  A.  Kecd,  con- 
sulting engineer  for  the  connnittee  of  twenty  of  the  National  Uonrd 
of  Fire  Underwriters.  Mr.  Reed  stuteti,  however,  llmt  the  history  of 
the  Sre  here  must  be  largely  snrmbie,  because  reliabltj  evideuix  vraa 
not  obtainable. 

Thi.s  comjiftny  had  also  a  building  with  reen  forced -concrete  Hoor 
construction  and  wire-glass  prntectiou  for  its  windows  for  one  of  ita 
branch  exchanges.  The  exposure  of  this  building  was  probably  not 
very  severe.  It  was  three  stories  high  and  the  fii-u  got  into  the  upper 
btory  and  cleaned  it  outj  but  the  floor  construction  prevented  the  tire 
from  extending  into  the  stories  below,  which  snU'ered  prncticully  no 
damage  to  structure  or  contents.  A  part  of  tlie  third-story  wall 
was  thrown  down  either  Ijv  the  earthtjuake  or  by  some  other  means, 
and  this  damage  may  have  opened  a  way  for  the  entrance  of  the  fire. 


AH  of  the  interior  and  llic  exioi'ior  wall>  <if  llie  I'alnce  lintel,  on  Ihc 
south  side  of  Market  street,  were  built  of  t)rickwork.  It  is  reported 
that  (ho  brickwork  was  reenforced  with  embedded  iron  bars.  The 
structure  stood  remarkably  well,  and  there  is  little  indication  of 
earthquake  damage.  The  building  was  nonfireproof,  and  was,  of 
course,  completely  bunied  out,  bul  liie  whIIs  still  sland  almost  as  good 
as  ever.     (See  Pi".  XXX.  //.) 

POST-OFFICE   BUIUUNO. 

The  steel-frame  and  granite  |>ost -office  bnilding  (Pis.  XLII,  B; 
3QjIII;  XLIV)  was  ciiiTJed  on  isolated  giilhige  fimndations,  each 
column  having  its  own  footing.  The  diagonals  df  the  building  ran 
nearly  north  and  south  ancl  cast  and  west,  the  south  corner  iK'ing  at 
Seventh  and  Mission  streets.  To  the  south  and  west  of  Mission 
street  was  an  elongated,  n:irrow,  curved  area  in  which  the  earth- 
quake damage  was  very  si'vere.  It  was  coninionly  reported  that  this 
area,  which  was  not  far  from  the  south  corner  of  the  post-offic'e  build- 
ing, was  a  stream  Ited  or  ravine  that  had  l)e('n  filled  within  the 
recollection  of  Ihe  older  irdiabitants  of  San  Ffiincisco.  Through  the 
courtesy  of  J.  W.  HobcrtN  the  lucal  rfiiri-M'iilative  of  the  SuiH'rvising 
Architect's  Office  of  ihe  Treasury  Depurtuient,  1  was  ('n:d)k-d  to  make 
a  detailed  insiwclion  of  lhi>  building,  and  he  al-n  jriivc  me  very  com- 
plete information  :\<  to  ilic  history  of  tln'  building  initl  the  causes 
of  the  various  item-  of  damiige  which  were  in  cvidenee  at  the  time 
of  my  inspection.  Mr.  Holn'rts,  who  is  evidently  a  cool  !ind  accu- 
rate observer,  seemed  of  the  opinion  that  the  material  under  the 
building  was  a  oatural  deposit,  and  not  an  artificial  filL    But  toward 
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the  south  it  was  not  of  a  nature  to  inspire  confidence  in  its  carrying 
power  at  the  depth  shown  on  the  foundation  plans.  He  accordingly 
obtained  authority  to  lower  the  footings  wherever  the  material  at 
the  depth  shown  on  the  plans  seemed  imreliable,  so  that  the  footings 
of  the  south  half  of  the  building  were  lowered — some  of  them,  as  I 
remember  his  statements,  to  a  deptli  of  '20  feet  or  more  below  the 
basement-floor  level.  At  any  rate,  he  oan-ied  them  to  a  point  where 
the  material,  in  his  judgment,  was  sufficiently  hard  and  compact.  All 
this  underlying  material  is  very  sandy ;  but  at  considerable  depths,  I 
understand,  gravel  appears,  and  the  combination  is  almost  as  hard 
as  hardpan. 

The  walls,  floors,  and  all  parts  of  the  post-office  building  proper 
are  carried  on  the  steel  frame.  The  outer  walls  consist  of  a  granite 
facing,  carried  on  the  steel  work  at  each  floor  level.  The  granite  is 
not  backed  up  in  the  usual  way.  the  backing  having  lieen  omitted 
to  save  wieight.  Some  dis-tance  l>ehind  the  granite  an  inner  wall  was 
built  of  hollow  terra-cotta  blocks.  The  space  between  the  granite 
and  the  terra  cotta  was  used  for  the  passage  of  pipes,  air  flues,  etc. 
The  granite  was  heavily  anchored  to  the  steel  work.  In  a  number 
of  panels  of  the  steel  work  corner  braces  made  of  a  pair  of  channels 
were  used,  and  they  were  fastened  as  far  down  on  the  columns  and 
as  near  to  the  center  of  the  wall  girder  that  spanned  the  space 
between  the  columns  as  the  window  openings  would  permit.  There 
was  also  some  portal  bracing  in  a  part  of  the  building  over  which 
it  had  been  intended  to  erect  a  tower.  This  intention  was  afterwards 
abandoned,  but  I  understand  the  bracing  was  in  place.     In  a  general 
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more  important  rooms  had  a  great  deul  of  exjiensive  and  beautiful 
marble  huish;  there  was  much  marble-mosair  cpjling  work,  and  the 
finished  woodwork  was  of  extraordinary  richness.  On  top  of  the 
buildings  were  a  number  of  chimneys  built  of  granite  blocks  with 
terra-cotta  linings. 

All  the  material-s  entering  into  the  construction  and  finish  of  this 
building  were  the  bc^t  of  their  kind,  and  the  workmanship,  under 
the  efficient  supervision  of  Mr.  Roberts,  was  as  nearly  perfect  as  it  in 
possible  to  make  it.  I  have  never  set-n  work  better  done,  and  have 
rarely  seen  it  so  well  done.  To  one  who  knows  and  appreciates  good 
work  it  is  a  continual  pleasure  to  see  everywhere  in  the  San  Fran- 
cisco post-oifice  the  record  of  sleepless  vigilance  and  skilled  labor. 
^Tiere  the  structural  parts  were  laid  bare  by  the  damage  due  to  the 
earthquake,  the  same  story  was  told  by  the  minutest  details  as  well 
as  the  roughest  parts  of  the  work — everything  was  the  best  of  its 
kind.  It  is  therefore  of  great  interest  to  study  the  effect  of  the 
earthquake  on  this  structure,  for  the  care  with  which  it  was  built 
must  have  made  it  fully  as  gottd  as  its  designers  could  have  hoped. 
Moreover,  I  am  inclined  to  think  that  it  received  a  more  severe  shak- 
ing than  any  other  building  in  the  congested  district  of  San  Fran- 
cisco that  was  at  all  comparable  with  it.  The  city  hall  was  badly 
racked,  but,  to  judge  ft-om  the  condition  of  the  adjacent  street  sur- 
faces and  the  surrounding  ruins,  the  shock  was  much  less  severe  than 
that  to  which  the  post-office  was  subjected.  For  instance,  there  was 
a  partially  erected  steel  frame  (11.  XLII,  B)  on  the  soulhwest  side 
of  Seventh  street,  near  the  post-office.  Before  the  earthquake  all  the 
colunms  were  plumb  and  in  true  alignment.  As  a  result  of  the  shock 
there  was  a  lateral  shifting  of  the  column  bases — the  relative  move- 
ment being  almost  ii  feet  in  some  places — at  the  cellar-floor  level. 
The  basement  walls  of  the  incomplete  building  were  also  shifted 
horizontally;  at  the  east  corner,  where  Ihe  walls  had  met  at  a  right 
&ng1e,  they  had  l»een  ruptured  by  a  vertical  crack  and  moved  laterally 
io  such  a  way  that  the  angle  Itetween  them  was  reduced  to  about  75°, 
as  nearly  as  I  could  estimate  it  without  taking  measurements. 

The  south  corner  of  the  post-office  huiUliiig  is  shoivn  in  PI-  XHV, 
A.  Mr.  Roberts  states  that  accurate  measurements  show  that  the 
building  proper  settled  a  little  at  this  point,  but  not  more  than  one- 
eighth  inch  relative  to  iither  parts  of  the  slructiire.  Tiie  general 
appearance  of  the  building  iH'iirs  out  this  shitcmciit.  The  result  is 
remarkably  gmtifving  when  llic  great  exlciit  of  llic  near-by  surface 
disturbanc*  on  Mission  street  is  considered.  The  street  went  down 
about  4  or  5  feet  at  this  point  as  a  result  of  the  earthquake  (PI. 
XLIU,  B).  The  molded  granite  shelf  surrounding  the  building, 
ehown  with  small  timber  props  under  it  in  PI.  XLIV,  A,^«.%«A.\t*si 
be  main  wall  of  the  building.    "WVieii  \Nm»  aia»s«»S«. « 
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the  Hiipiwrtiiig  gniiiiU'  curb  Kettleil  away  from  the  shelf,  it  remained 
in  position,  as  a  cantilever,  but  the  props  were  put  under  it  to  keep  it 
from  being  broken.  In  tlic  basement  no  evitlenee  of  the  earthquake 
could  Ix;  founil,  except  n  few  iiisignificaiit  cracks  in  the  concrete  floor, 
which  Mr,  KobertH>iays  wore  not  there  bi^fore  the  earthquake. 

On  the  whole,  I  think  it  is  fair  to  say  that  the  [jost-office  was  sub- 
jected to  an  e.\ti-uordinarily  severe  test.  About  half  of  the  chimneys 
were  tlirown  down.  One  of  them  either  RKrked  on  its  base  or  was 
thrown  upward  far  enough  to  cause  the  counter  Hashing,  which  lapi)ed 
tlie  Basiling  alKiut  'A  inches,'to  clear  the  Hashing  an<l  come  down  inside 
of  it.  The  chiinney  reniaiiied  upright,  but  with  a  slight  horizontal 
displacement.  In  the  exterior  walls  u  good  many  stones  were  startetl 
from  their  IxkIh,  and  some  were  crackwl.  Two  or  three  fell  fr«»m  the 
wall.  .Vt  least  one  anehor  was  exjxwed,  and  it  had  been  broken. 
Wiether  the  steel  work  was  dannige<l  or  not  could  not  be  determined, 
as  it  was  not  suflicientiv  exiM)sed,  The  damage  to  the  exterior  walls  is 
fairly  well  shown  in  Pis.  XLIII,  A,  and  XLIV. 

PI.  XLIII,  ,1,  shows  damage  on  the  southwest  side  of  the  west 
corner  of  the  building:  the  surface  of  the  window  reveal  and  the 
adjacent  return  of  the  u))per  molding  on  the  sill,  at  the  point  indi- 
cated by  the  arrow,  wvve  separated  at  least  thn-e-fourths  of  an  inch, 
yet  during  the  earthquake  they  were  jostled  together  with  sufficient 
force  to  abrade  the  reveal  and  sjiall  the  sill.  That  this  effect  should 
have  taken  place  without  shattering  all  the  masonry  around  the  win- 
dow ojiening  is  one  of  the  many  inexplicable  phenomena  that  seem 
characteristic  of  earthquakes. 
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A  great  many  marble  slabs  wen?  thrown  down  by  the  concussioo. 
due  to  the  dynamiting  of  dangerous  walls  at  Seventh  and  Market 
streets,  less  than  half  a  block  awuy.  The  damagi'  to  marble  Bni^  ' 
from  this  cause  was  much  greater  than  that  diit'  to  the  earthquake^ 
Although  the  filabw  brought  down  by  the  dynamite  may  have  beeaa 
loosened  by  the  earlhijuake,  they  conid  have  been  taken  down- and 
reset  if  the  dynamite  had  uot  cau-sed  tlieir  total  loss.  In  one  sense 
much  of  the  loss  was  irreparable,  for  adjacent  slabs  were  beautiftilly 
matched  by  being  sawed  from  the  same  block  and  then  so  Het  in 
groups  of  two  or  four  that  the  veiuing  was  symmetrical  about  the 
joints,  ^Vhere  one  slab  of  a  group  was  destroyed  the  only  way  to 
restore  the  finish  to  its  original  besiuty  would  be  to  renew  the  whole 
group.  In  addition  to  injuring  the  marble  finish,  the  dynamite  did 
much  damage  by  blowing  windows,  transoms,  and  doors  from  ihar 
frames,  and  by  blowing  panels  out  of  doors  and  glass  out  of  windows. 
With  the  kind  of  woodwork  used  in  this  building  and  with  plate 
glass  in  all  the  windows,  this  item  of  damage  was  very  heavy. 
Debris  from  the  demolished  buildings,  also,  was  thrown  across  the 
street  and  came  down  through  one  or  two  skylights  in  the  post-ofiioe  I 
building.  It  was  only  owing  to  good  luck  that  some  of  the  employees  | 
were  not  killed  or  seriously  injured.  As  it  was,  the  interiors  of  one  wS 
two  expensively  finished  rooms  were  almost  wrecked.  All  the  iteiDrai 
of  damage  which  Mr.  Roberts  ascribed  to  the  dynamite  were  of  the  ' 
«ame  general  type  as  those  due  to  the  concussion  in  mortar  batteries,  etc. 
The  chief  engineer  of  the  building  stated  that  he  and  some  of  hia 
sulwrdi nates,  although  down  in  the  basement,  were  thrown  to  the 
floor  by  the  force  of  one  of  the  dynamite  explosions,  and  that  the 
electric  lights  were  extinguished  for  several  seconds,  although  the 
engines  kept  running.  Probably  the  concussion  lifted  the  brushes 
from  the  commutators  of  the  generators.  It  seems  probable,  from 
what  evidence  I  was  able  to  gath<?r,  that  at  first  the  dynamite  was 
used  in  rather  large  quantities  without  tamping;  but  later  it  was 
used  in  a  more  tentative  way  and  tamped  with  hand  bags.  By  this 
policy  those  in  charge  of  the  hiter  blasting  operation.s  finally  got 
the  work  down  to  a  system  whereby  a  wall  was  bnuight  down  withiu 
8  distance  of  20  feet  from  liie  ba-c  on  eilluT  ?-i<le  without  any  dan- 
gerous hurling  of  (k'bri>i  beyond  that  di^tillK■e.  So  far  as  I  was 
able  to  learn,  after  the  work  had  reiichcd  this  stage  no  one  noticed 
any  damage  to  nciglilnn'injr  structures,  and,  in  fact,  very  few  peeple 
were  aware  that  bhisting  was  in  [H-ogrcss. 

Some  of  the  juosaic  cciling^i  in  the  piist-nllicc  building  were  planted 
on  a  terra-ootta  base,  others  on  a  furring  of  metal  lathing  and  plas- 
ter.    The  former  were  seriously  damaged  by  the  earthquake,  but 
the  Ittter  remained  intact.     As  previously  stated,  the  ii\t£C\fi<c  -w^JSai 
1.  324—07 8 
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in  the  post-office  were  built  of  (t-inch  terra-eotta  blocks,  with  webs 
nearly  1  inch  thick.  They  were  beautifully  built,  every  joint  being 
absolutely  filled  with  cement  mortar  that  was  much  harder  than 
the  tiles,  though  the  latter  were  of  exceptionally  good  quality.  None 
of  these  walls  were  thrown  down,  but  many  of  them  showed  the 
intersecting  diagonal  cracks  that  are  characteristic  of  earthquake 
action.  The  tiles  along  the  lines  of  the  cracks  were  so  badly  shat- 
tered that  many  of  them  will  have  to  come  out.  As  a  contrast, 
reference  is  made  to  PI.  XLVI,  B,  showing  earthquake  damage  to 
good  brickwork.  In  the  tile  wall  the  same  cracks  apj>ear,  but  the 
tiles  are  badly  shattered  for  some  distance  on  either  side.  In  addi- 
tion, in  much  of  the  tlim.sy  tile  wurk  in  the  commercial  buildings 
the  adhesion  of  the  mortar  in  the  entire  partition,  if  there  was  any, 
was  destroyed.  In  the  concrete  walls  at  Palo  Alto  a  few  cracks  ap- 
peared here  and  there  as  a  result  of  the  earthquake;  but  they  were 
even  sharper  and  narrower  than  the  crack  shown  in  Pi.  XLVI,  B, 
and  there  was  no  shattering  effect  whatever. 

The  column  coverings  in  the  mail-handling  room,  described  above, 
were  absolutely  uninjured,  but  the  circular  brick  walls  around  the 
spiral  stairways  develoi)ed  many  rather  ugly  spiral  cracks.  Such 
cracks  were  very  conspicuous  also  in  circular  smokestacks,  where  the 
damaged  work  ivas  not  thrown  down  entirely. 

The  floor  construction  in  the  post-oflice  was  absolutely  undamaged 
by  the  earthquake.  This  was  one  building  where  "cinder  concrete" 
was  made  as  it  should  be — of  well-i>unie<l  clinker  only.  In  the  court 
room  which  burned  out  a  part  of  the  funvd  ceiling  came  down,  ex- 
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CISCO  combined.  I(  is  niy  pei-sional  opinion  that  the  ret^ults  woiUd 
have  indiputed  to  private  ownei-s  the  availability  of  a  desirable  form 
of  fin>  insurance  al  moderate  cost  on  which  but  one  premium  would 
have  to  be  paid. 

The  post-oflicn  building  was  so  carefully  and  intelligently  designed 
and  so  well  executed,  and,  all  things  considert'd,  gave  so  good  an 
account  of  it.self.  that  it  seems  a  little  pivsii  nipt  noun  to  suggest 
wherein  it  could  Im.'  made  l»lter.  Yet  I  lielicve  that  if  the  granite 
had  been  solidly  bHcked  with  good  brickwork  and  even  more  heavily 
anchored  to  the  steel  frame,  if  ihe  frame  had  Ijeen  more  completely 
and  heavily  bniced,  and  if  all  tlic  interior  partitions  had  been  of 
solid  brickwork,  the  structural  daiiuige  wonld  have  l)een  much  lesa; 
and  even  the  greater  weight  on  the  foundations  might  have  been  an 
advantage  rather  than  otherwise.  Mr.  Roberts  estimates  the  total 
damage  as  about  $400,000.  Of  this  damage  more  than  one-fourth, 
much  of  which  was  caused  hy  the  dynamite,  is  charged  to  marble 
finish  and  plate  glass.     The  cost  of  (he  building  was  about  $-2,500,000. 

H[M/R'    111  ILIIINU. 

Tlie  Itialto  Buihiing  was  a  steel-frame  structure,  with  expanded- 
metal  and  cinder-concrete  slabs,  expanded-metal  and  plaster  column 
covering,  and  fun-ed  expunde<i-nietnl  ceiling.  It  had  two  main  wings, 
in  each  of  which  it  is  said  attempts  were  made  to  dynamite  the  build- 
ing, the  explosions  causing  the  collapse  of  a  portion  of  the  interior 
structural  work.  A  hole  in  the  roof  was  produced  by  the  same  cause. 
PI.  XLVIII,  li,  a  view  of  the  southeast  corner  of  the  building,  shows 
a  portion  of  this  damage  sit  close  range,  and  is  submitted  to  show  the 
effect  of  dynamite  on  a  steel-frame  building. 

The  fact  that  the  building  was  dynamited  makes  it  impossible  to 
draw  any  useful  conclusions  as  to  its  fire-resisting  (|ualities;  but  there 
seems  to  have  been  oTily  a  moderately  hot  fii-e  i[i  this  building,  and  the 
fireproofing,  while  seriously  dainiiged.  was  not  a  total  failure  as  a 
result  of  the  fire  alone.  The  norlii  front  was  badly  racked  by  the  - 
earthquake,  resulting  in  many  cracks  in  the  walls.  The  south  front 
of  this  building  was  also  damaged  by  the  earth<|uake;  the  intersecting 
diagonal  cracks  in  the  walls  were  plainly  visible.  A  considerable 
amount  of  face  brickwork  was  llirown  cilF  on  this  front,  probably 
owing  to  the  fact  that  it  was  laid  without  bond. 


The  new  St.  Francis  Hotel,  which  had  been  occupied  but  a  short 
time,  had  a  sandstone  front  and   was  supported  by  columns  pro- 
tected with  cinder  concrete.     The-i'  (-olnmnii  were  ei\tvv«l^  vvwWft.- 
ugh  a  section  near  the  iippur  i;iw\  vA  iia,^\\  i^oVwaw  -s 
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had  apparently  been  covered  in  by  n  furred  beam,  or  other  archi- 
tectural feature,  since  destroyed,  was  entirely  devoid  of  protective 
covering.  A  great  many  people  in  San  Francisco  regarded  the 
behavior  of  these  coinnins  as  a  substantial  recommendation  of  cinder 
concrete,  but  the  whole  building  bears  evidence  of  having  been  sub- 
jected to  only  a  moderate  heat. 

HriitKyK  iti'iiJtiNn. 

The  columns  in  the  first  and  second  stories  of  the  Shreve  Bnilding 
wei-e  covered  with  cinder  concrete:  those  in  the  upper  stories  with 
hollow  tiles.  All  the  evidence  in  this  building  ixiints  to  a  moderate 
heat.  The  plastering  on  the  columns  was  not  seriously  damaged, 
and  such  plastering  never  stands  an  intense  heat.  The  hollow  tiles 
on  the  columns  came  off  very  genernlly,  but  it  is  probable  that  the 
.  heat  was  more  intense  in  the  uppi-r  portion  of  the  bnilding  than  in 
the  lower  portion.  This  theory'  is  supjwrted  by  the  fact  that  the 
damage  to  the  ma.sonry  adjacent  to  the  windows  was  most  severe  in 
the  wpppr  stories. 

'This  building.  like  the  St.  Franci-s  Hot*],  is  cited  as  an  example 
of  the  excellent  behavior  of  cinder  concrete  as  a  column  covering, 
hut  in  this  case  also  there  is  every  reason  to  believe  that  the  con- 
crete did  not  receive  a  severe  test.  The  only  cinder-concrete  cover- 
ing I  saw  that  had  evidently  received  an  extreme  test  was  in  the 
basement  of  the  Aronsoii  Building,  as  described  on  page  79. 


NK  nrri.niN 


basement  or  first-story  oohimiis  iiuilpr  tlie  action  of  the  heat.  PI. 
XLV,  .4,  is  a  view  takfii  in  the  first  story  of  this  building,  which  had 
been  occupied  by  the  City  of  Paris  Dry  Goods  C-oinpany.  This  view 
is  submitted  as  illustrating  a  typical  bnt  rather  bad  example  of  the 
loss  of  lower  webs  from  hollow-tile  floor  arches.  The  column  cover- 
ings shown  in  the  view  had  sutfered  about  as  little  as  any  others. 
The  coverings  of  other  columns  in  the  same  building  were  practically 
destroyed,  as  wei'e  also  the  partitions.  The  same  sort  of  damage  as 
that  shown  in  PI.  XLV,  A,  was  plainly  visible  in  some  of  the  upper 
stories  of  this  building,  especially  the  second  story. 

A  stairway  carried  on  unprotected  cast-iron  strings  was  destroyed 
by  the  heat  in  this  building.  The  same  thing  occurred  in  a  number 
of  other  buildings  in  San  Francisco,  even  wlieiv  the  stairways  had 
been  walled  off  by  hollow-tile  partitions  or  by  partitions  made  of 
light  studs,  metal  lathing,  and  plaster.  It  has  generally  been  con-  ■ 
sidered^in  commercial  work,  at  any  rate — unnecessary  to  protect  a 
stairway  carried  on   cast-iron   strings,  but  the  San   Francisco  fira 


showed  that  some  form  of  protection  is  very  essential.     Wiere  the 
inclosing  partitions  did  not  fail,  the  stairways  were  of  course  not 
seriously  damaged,  but  as  n   matter  of   fact  the  partitions   failed 
almost  everywhere  In  San  Francisco. 

L-.VIU^    I-'EIUIY    BL-ILl.JNG. 

The  Union  Ferry  Building  (PI.  XIjVI.  ,4)  is  a  large  structure — 
practically  of  monumental  proportions — which  forms  the  terminus  of 
all  the  ferry  lines  plying  l)etween  San  Francisco  and  various  other 
points  on  the  bay.  It  is  built  on  piles,  with  heavy  stone  walls,  backed 
with  brickwork.  The  stone  is  the  grayish-green  sandstone  elsewhere 
described.  The  fl(K»r  construction  consists  of  steel  beams  and  girders, 
with  stone- concrete  slalis  nvnforced  with  expanded  metal.  The  lower 
flanges  or  girders  and  iR'ains  were  not  protected.  \ear  the  center  of 
the  west  front  a  high  tower  rises  to  a  considerable  distana^  above  the 
building.  The  fire  did  not  giiin  entrance,  but  the  building  was  very 
seriously  racked  mid  dainagcd  by  the  earth(|uake.  The  damage  was 
not  at  all  of  a  fatal  nature,  however,  and  the  building  was  kept  in 
practically  continuous  operation  as  a  ferry  terminus.  The  tower, 
which  was  built  with  a  hi;uvd  steel  frame,  iucloj-ed  to  a  height  of 
several  stories  with  a  liejivy  wall  composed  of  sandstone  backed  with 
brick,  and  closed  in  with  wood  and  sheet  metal  above  the  masonry 
part,  was  so  badly  damaged  that  the  masonry  walls  were  being 
removed  at  the  time  of  my  inspection.  To  judge  by  the  effects  on  this 
tower,  the  greatest  intensity  of  the  earthquake  vibration  must  have 
"■---   ' —  northwest  to  eouthaaat    Tlie  \awaim -^la  \M.ei\:3  *ss£is-*' 
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and  in  this  case  there  can  be  nc  question  that  the  effect  was  entirely 
due  to  the  earthquake.  The  masonry  in  the  tower  was  of  an  admira- 
ble quality. 

In  PI.  XLVI,  B,  is  shown  a  crack  in  the  brick  masonry  on  the 
inside  of  the  tower,  together  with  a  part  of  a  diagonal  tie-rod  which 
had  been  stretched  beyond  the  elastic  limit  and  was  hanging  with  n 
noticeable  sag.  It  will  be  noted  that  the  brickwork  was  well  bonded 
and  that  the  joints  were  well  filled.  The  mortar  was  much  harder 
than  the  bricks,  but  both  were  of  good  quality.  It  is  also  evident 
from  this  view  that  there  was  no  general  shattering  of  the  entire 
masbj;  there  was  a  well-defined  crack,  but  nothing  else. 

At  the  northwest  corner  of  the  tower,  about  halfway  from  the  roof 
of  the  main  building  to  the  top  of  the  masonry  walls  of  the  tower,  a 
diagonal  tie-rod  had  lieen  fastened  to  the  wall  girder  by  means  of  a 
gusset  phite,  with  eight  rivets  in  it.  Seven  of  these  rivets  were 
sheared  under  tlie  action  of  the  earthquake,  leaving  the  plate  han^ng 
by  the  eighth  rivet  at  the  time  I  saw  it  (PI.  XLVII,  B). 

One  detail  of  the  bracing  in  the  ferry- building  tower,  of  which 
a  satisfactory  photograph  could  not  be  procured,  was  as  follows: 
The  wall  ginlers  at  the  different  flifor  levels  were  utilized  for  the 
wind  struts  of  the  bracing.  In  the  lower  part  of  the  tower  the  diag- 
onal tie-rods  were  fastened  directly  to  the  wind  struts.  The  ends 
of  the  wind  struts  rested  I)etween  upper  and  lower  seats  attached 
to  the  columns,  and  were,  as  a  rule,  bolted  to  each  of  those  seats 
with  nothing  but  two  J-inch  Ixilts,  the  idea  evidently  being  that,  as 
the  struts  resisted  compression  only,  it  was  not  necessary  to  fasten 
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is  ordinarily  done.  In  fact,  if  the  diagonal  is  to  be  fastened  diroctly 
to  the  wind  stmt,  there  should  be  a  connection  between  the  strut  and 
the  column  capable,  of  taking  up  the  horizontal  component  of  the 
stress  in  the  diagonals.  Knee  braces,  such  as  those  used  in  the  CiiU 
Building,  possess  ii  manifest  superiority  over  ordinary  bracket  seats 
in  construction  nf  this  sort.  An  examination  of  the  condition  of  th» 
bracing  in  the  ferry-building  lower  can  leave  no  doubt  whfttevet^* 
that  the  tower  nas  just  on  the  point  of  total  collapse.  ConditioDS 
were  so  liad  that  the  superintendent  of  the  i-ontraeting  firm  thfti 
was  taking  the  masonry  down  evidently  felt  a  little  uneasy  about 
what  would  happen  when  the  masonry  covering  was  removed  frota 
the  portion  of  the  steel  work  where  the  bracing  was  most  -seriously 
damagi^d.  lie  was  proceeding  witji  great  judgment  and  caution, 
however,  and  no  doubt  succeeded  not  only  in  ivinoving  the  damaged 
masonry  with  snfi'ty.  but  in  so  tying  togctlii'r  the  steel  work  As  Ifl 
avoid  all  danger  of  collapse. 

A  part  of  the  masonry  in  the  east  front  of  lb<'  tnwer  was  precipi- 
tated from  its  position  (PI.  XLVI.  .1)  and  fi-ll  through  the  sky- 
light and  onto  the  floor  of  tJie  corridor  iti  the  upjx-r  story  of  tluij 
main  building.  This  floor  consisted  of  stone  concrete,  reenfotrceKJ 
with  expanded  metal,  and  carried  by  steel  beams  with  spans  appAr4 
ently  of  7  or  S  feet.  The  contractor's  suiierintendcnt,  already  men'l 
tioncd,  told  me  that  he  thought  the  amount  of  masonry  so  preoipl- 
latcd  oil  this  floor  amounted  to  30  or  40  tons.  It  ])unrhed  in  the 
floor  one  small  hole  not  mucJi  larger  than  a  man's  fist,  but  nothing  of 
any  size  got  through.  It  is  doubtful  whether  any  fi>rm  of  floor 
arch  or  slab  except  i-eenforced  concrete  and  possibly  solid  brick 
would  have  stood  this  test  so  successfully.  Certainly  no  hollow-tile 
floor  such  as  those  in  ordinary  use  would  have  stood  it  for  a  moment; 
the  falling  mass  would  have  gone  on  through  to  the  ground. 

Along  the  west  front  of  the  ferry  building,  about  halfway  up  the 
second-sfory  window  pii'r-<,  most  of  the  stonework  had  slipped  about 
an  inch.  Some  of  the  lirst -story  piers  were  so  badly  shattered  by  the 
earthquake  that  they  bad  lo  be  boxed  in  to  prevent  the  loose  stone 
from  falling.  Tiiere  were  in  (he  flooi-  constrnclion  of  tlie  lower  and 
of  the  building  pro|H>r  a  few  cracks  which  I  tlioughf  might  lie  due 
to  the  earthqniike.  althongb  it  is  possible  tJiat  they  may  have  been 
shrinkage  cracks.  I  wii>^  not  able  U>  get  any  convincing  testimony 
on  this  point,  but  I  have  seen  a  good  many  shrinkage  cracks  and  am 
of  the  opinion  that  most  ()f  these  cracks  were  due  lo  the  earthquake 
and  not  to  shrinkage.  On  the  whole,  the  ferry  building  stood  the 
shock  remarkably  well.  It  would  seem  to  be  the  part  of  wisdom, 
howera,  to  tear  the  tower  down  altogether  and  not  to  rebuild  it. 
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tJNlON    TRIST   COMrANV's   IIUILUINa. 

The  ordinary  steel-frame  Union  Trust  Building,  with  terra-cottu 
iireproofing,  came  through  the  earthquake  in  about  the  same  condi- 
tion as  the  average  fireproof  bnilding  .in  Baltimore  after  the  fire. 
From  the  exterior  it  presented  the  appearance  of  having  stood  the 
ordeal  about  as  well  as  any  other  building  in  San  Francisco  that 
■was  completely  gutted.  The  damage,  however,  was  probably  at 
least  as  great  as  that  suffered  by  such  buildings  as  the  Continental 
Trust  in  Baltimore.  Lower  webs  were  off  in  many  places,  and 
column  and  girder  coverings  were  damaged  to  a  considerable  extent 
(PI.  L,fl). 

MlSCEU.AXEOrS    STRVCTIRES. 
DSMXKAL  SIBOUSBIOX. 

A  number  of  buildings  of  fire-resistant  constniction  in  San  Fran- 
cisco, such  as  the  Mutual  Savings  Bank,  the  Hibemia  Bank  (see  PI. 
XXXVII,  .1),  and  several  others,  have  not  been  specifically  men- 
tioned in  this  report,  but  they  presented  nothing  of  more  than  ordi- 
nary interest.  Detailed  descrijttions  have  been  given  of  at  least 
one  example  of  everything  that  was  typicid,  and  practically  everj'- 
thing  descrilied  in  detail  was  typical  of  many  other  cases  of  the 
same  general  class. 

I  A  building  at  First  and  Xatonia  streets  had  naked  cast-iron 
columns,  steel  girders,  rcen forced-concrete  beams  from  girder  to 
rirder.    and    rci>iL  forced -for  icivh^    ^l.ili^    from    l.ciini    t..    Im'iiiu.     The 
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It  will  be  notod  that  there  was  no  reenforttcd-foiicrete  construction, 
pure  and  simple,  in  Siiu  Fraiiciwo.  The  warehouMi^  i)f  the  Rekiiis 
Van  and  Storage  Company  (PI.  XXVII,  -I),  in  process  of  construc- 
tion, had  reen  forced -con  ere  tp  columns  and  floor  constntctioii  and 
brick  walls.  The  walls  were  badly  damaged  by  the  earthquake,  but 
the  reenforced  concrete  was  absolutely  uninjured.  This  building, 
however,  was  uniinished,  and  the  lower  portion  of  it  was  not  sub- 
jected to  the  stresses  which  would  have  resulted  had  it  been  com-  ' 
plete,  with  all  its  contents.  In  that  case  the  energy  due  to  the 
vibration  of  the  greater  superincnnitiput  muss  might  have  produced 
effects  which  were  not  produced  in  its  unfinished  condition. 

One-half  of  the  circular  observatory  on  Strawberry  Hill,  in  Golden 
Gate  Park  (PI.  XXIII,  A),  was  thrown  down  by  the  earthquake. 
I  did  not  make  a  pi^rsonal  examination  of  it,  (>\cc])t  from  a  distance, 
but  was  informed  that  it  had  Ijeen  n-enforced  with  heavy  iron  rods 
bedded  in  the  masonry.  It  was  reported  to  nie  that  these  rods  were 
briiken  at  the  |mim  whi'rc  the  collapsed  ))orli(in  hjul  scpiiniled  from 
the  t>Brt  still  stunding.  The  gfuernl  effect  of  Die  earthquake  on 
hollow  circular  structures  of  all  sorts  seems  to  have  l>cen  a  tendency 
to  increase  their  diameter.  Where  this  tendency  was  very  marked, 
if  naturally  caused  their  collapse. 

Practically  all  the  other  photographs  f!ubmittvd  ami  Jint  spo- 
cifically  referred  to  in  (he  foregoing  pages  were  taken  with  !i  view 
of  showing  eurthipiake  damage.  The  tower  of  the  chureii  next  to 
the  old  Mission  Dolores  was  dangerously  near  being  thrown  down, 
and  had  to  \n-  pulled  down  hiter,  as  shown  in  PI.  XXIII,  B.  PI. 
XXXVII,  Zf,  is  a  view  of  a  brewery  which  had  Iteen  four  stories 
high,  with  a  tower  at  the  corner  extending  to  a  considerably  greater 
height  than  the  building.  The  damage  was  due  to  earthquake  alone. 
PI.  XXI,  .4,  shows  a  case  of  earthquake  damage  pure  and  simple. 
It  will  l)e  observed  that  tJie  face  bricks  wei-e  not  l>onded,  and  were 
thrown  down  in  large  (piaiitilies.  None  of  the  brickwork  in  this 
building  seems  to  have  been  ()f  a  very  good  (piality. 

An  old- fash ionc<l  brick  building  of  ordinary  I'onstruction  near 
Fort  Mason  appeared  to  liave  survived  IJie  earth([uake  absolutely 
undamaged.  This  exani!>le  indii-ates  the  variation  in  the  intensity 
of  the  earthquake  widiin  relatively  sliorl  distances. 

PI.  XXXIII.  .1.  show.^  a  building,  known  as  tlie  IlulJer  Building, 
which  was  partially  completed  at  the  tiuu'  of  the  earthipiake.  When 
I  first  saw  it  the  siite  wall,  which  api)ears  in  the  illustration  as 
nearly  torn  down,  was  standing  at  about  the  same  height  as  the  front 
wall  (shown  at  the  right  side  of  the  picture).  This  side  wall  had  a 
lev  eaxtlkquake  cracks  in  it  which  were  plainly  visible,  but  it  was 
«  matter  of  surprise  to  see,  a  few  days  later,  that  th6  v%.U.  VA&.\:ftK&. 
Umi  down;  for  if  this  'waU  'waa  AanA^iei^  «^&!Skecls^ 
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justify--  its  destruction,  a  great  many  walls  of  other  steel-frame  build- 
ings ought  to  have  ooine  down  also.  This  building  was  of  the 
ordinary  steel-frame  tyjie,  without  any  bracing.  The  walls  were 
very  light,  and  on  the  principal  fronts  they  were  pretty  well  shaken 
to  pieces.  A  suijerficial  e.xaminstion  indicated  that  they  were  much 
more  seriously  damaged  than' the  .side  wall  which  had  been  torn 
down.  This  building  appears  in  the  background  of  the  view  of  the 
Dewey  monument  {PI.  XXX.  .1).  At  the  time  this  view  was  taken 
a  considerable  amount  of  the  masonry  in  the  front  wall  had  been 
removed,  but  there  was  Htill  a  great  deal  which,  in  my  judgment,  was 
too  badly  damaged  to  be  safely  left. 

PI.  LV  is  a  panorama  taken  from  Pine  and  Powell  streets.  The 
building  on  the  left  side  of  the  street  at  the  left  is  the  Merchants' 
K.xi-hange.  I'o  the  right,  just  l>ehind  the  high  ground  and  trees,  is 
the  Mills  Building,  and  farther  to  the  right  is  the  Union  Trust 
Huihling.  The  other  buildings  will  probably  be  recognized  bv  per- 
sons who  arc  more  or  less  familiar  with  the  city:  the  names  of  the 
chief  ones  are  given  on  the  plate.  It  will  be  observed  that  this 
panorama  covei-s  iin  arc  of  nearly  180°.  The  Twin  Peaks  appear 
some  distance  to  the  right  of  the  city  hall. 

ORDIKABT  BUtLDDtOB  AKD  RXsmnaU. 

The  effect  of  the  eurthquakc  on  miscellaneous  buildings  of  the 
cheaper  class  was  luore  or  less  interesting.  There  were  a  number  of 
brick  ilwellings  in  San  Kriincisco  faced  with  arch  bricks  laid  in 
Flemisli  lH»nd.    Then'  bricks,  of  course,  are  considerably  harder  and 
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As  a  result  of  my  oijservalions,  I  am  inclined  to  think  that  a 
building  of  thp  following  type  wonid  be  very  desirable  for  residential 
purposes  in  an  earthquake  country : 

The  frame  slionld  be  of  timber,  rather  heavy  and  thoroughly 
braced,  with  all  the  vertical  members  continuous  from  bottom  to  lop, 
or  elsv  thoroughly  spliced.  The  horizontal  members  should  be  made 
as  nearly  continuous  as  possible— preferably  by  full  splices.  Hori- 
zontal and  vertical  members  should  also  be  fastened  together  aa 
rigidly  as  possible,  diagonal  braces  lieing  used  wherever  conditions 
will  permit.  The  frame  should  be  covered  on  the  outside  with 
expanded  metal  and  this  metal  plastered  on  l>oth  sides,  a  good  deal 
of  cement  l»eing  used  in  the  plaster.  The  exterior  can  be  finished  in 
stucco  or  pebble  dash,  as  desired.  The  intei'ior  of  the  frame  should 
be  covered  with  expanded-metal  Inthing  and  the  ordinary  interior 
plaster-finish  put  on.  The  ceilings  also  should  lie  finished  with 
expanded  metal  and  plaster.  In  my  judgment,  a  building  of  this 
sort  could  Ik'  put  up  for  very  little  more  than  tlie  cost  of  an  ordinary 
frame  dwelling,  and  woidd  nol  ordy  come  lluougli  an  eartlKjuako 
much  better,  but  would  U'  veiy  much  more  difficult  lo  set  on  fire  and  t 
would  bum  much  more  slowly  after  it  was  gn  tiiu  1 


Chimneys  seemed  to  l>o  shaken  down  by  the  earthquake  every- 
where; even  where  there  was  no  other  damage  this  result  was  almost 
universal.  The  chinnieys.  as  a  rule,  were  built  of  bricks  laid  in  lime 
mortar,  and  generally  broke  off  at  the  jwint  where  they  came  through 
the  roof.  Recnforced-concretc  chinmeys  with  a  terni-cotta  linliig 
would  Ih^  very  little  more  expensive  than  the  kind  ihat  were  ordi- 
narily used  in  Hiin  Franciscu.  and  would  have  siift'ercd  very  much 
less  damage.  If  any  cliimnev  projects  a  considerable  distance  above 
the  roof,  it  would  \h-  udvisalile  lo  linne  it  near  its  iii>ixu-  end  to  the 
roof  in  some  way.  so  lliat  it  wonlii  not  be  free  lo  vibrate.  It  seems 
probable  that  this  pbin  miglit  liuvc  saved  some  of  ilie  chimneys  that 
failed.  Appearances  secuicd  also  to  wairmil  tlii'  conclusion  that  in 
the  vibration  some  c-hrniiicys  were  biouglit  up  sliorl  against  the  roof 
framing  and  thus  raiist'd  lo  break  oil'  at  this  point.  If  there  had 
been  a  little  more  room  for  rehilivc  vibration  between  tlie  chimney 
and  the  framing,  it  si'cms  possible  Ihat  sonic  of  iliesc  chimneys  would 
not  have  fallen.  The  best  way  to  prevcnl  such  damage  is  to  build 
the  chimneys  of  i-eenforced  concrete  ov  of  mjuic  other  material  that 
has  both  rigidity  and  great  tensile  strength.  Such  chimneys  would 
not  ordinarily  break  off,  even  though  they  jostled  against  the  roof 
timbeia. 
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BUDS  UtOKBBTAOSa. 

Tliero  were  a  great  many  brick  smokestacks  in  San  Francisco, 
nearly  all  of  wliich  suffered  more  or  le^s  damage.  For  some  reason 
eircidar  stacks  seemed  to  suffer  more  than  square  ones,  but  the  num- 
ber of  square  stacks  in  evidence  was  not  snfficient  to  justify  general 
conclusions. 

Tlio  views  of  brick  stacks  speak  for  themselves  to  a  great  extent. 
The  stuck  of  the  Valencia  street  power  station  (PI.  LIII,  A)  was  of 
some  interest  liecanse  of  its  peculiar  cross  section— an  eight-pointed 
star.  At  the  vertices  of  two  diametrically  opposite  reentrant  angles 
the  stack  was  split  practically  from  top  to  bottom.  The  ruins  of  a 
circular  stack,  situated  near  .San  Jose.  an>  shown  in  PI.  XIII,  ^i. 

CONDITIONS    OUTSIDE    OP    SAN    FRANCISCO. 


I  made  one  trip  to  Oakland  and  wont  through  the  greater  part  of 
the  town,  A  gcxxl  many  chinuieys  had  bcwn  shaken  down  and  the 
front  walls  of  a  inindn'r  of  ordinary  brick  buildings  had  been  pre- 
cipitated into  the  street.  Several  steel-frame  buildings  faced  with 
sandstone  were  badly  racked,  and  in  places  some  of  the  stone  had 
licen  sliaken  into  the  street.  Some  of  the  steel-frame  buildings 
sh()we(i  the  same  kind  of  damage  as  the  Monadnock  and  new  Chroni- 
cle buildings  in  San  Francisco.  The  damage  in  Oakland  in  general 
1  not.  different   in  .tyin'   from   thai   ni   Sun  Francisco,  but  i 
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Much  of  it  consisted  of  niMiIe  made  of  very  smnll  pieces  of  stone, 
apparently  gathered  up  where  stonecutters  hud  been  working. 
Many  of  t)ie%  spnlls  ^vere  not  larger  than  a  luanV  fist^  and  in  places 
4  or  5  Bqiiare  feet  of  the  wall  was  entirely  backed  up  with  this  mnte- 
rial.  The  bonding  of  the  stone  facing  to  the  backing  seemed  to  1)6 
less  tlioroiigh  in  the  new  buildings  than  in  the  old.  In  short,  the 
newer  biiihlings  conformed  rather  to  the  modem  commercial  stand- 
ard of  building  construction;  the  old  ones  approached  the  mouu- 
mental.  The  newer  buildings  sutTered  materially  more  than  the  old. 
Tliey  were  not,  however,  of  a  type  that  woidd  indicate  culpable  negli- 
gence or  incapacity  on  the  part  of  anyone  connected  with  their  design 
and  erection,  althongh  they  were  disslinctly  inferior  in  tyi>e  to  the 
older  buildings.  The  mortar  used  ■was  not  by  any  means  poor.  It 
seems  to  have  l>pen  lime  mortar  gaged  with  ctmicnt.  I  fried  it  at  a 
number  of  points  where  the  buildings  had  suffered  very  severely,  and 
it  was  distinctly  Iwtter  thjin  the  average  mortar  found  in  ordinary 
commercial  work,  although  not  as  good  as  straight  cement  mortar 
would  have  been. 

The  buildings  of  the  third  class  ut  Stanford  University  were  built 
of  concrete.  Tlie  girls'  dormitory  had  concrete  walls  and  timber 
interior  construction,  and  in  the  central  portion  of  the  Leland  Stan- 
ford Junior  Museum,  the  oldest  part  of  the  building,  the  walU  and 
interior  construction  were  of  roenforced  concrete.  There  were  two 
wings,  built  of  brickwork,  wilh  reen forced -concit'te  fl<x)r  construc- 
tion. It  is  reasonable  to  suppose  that  the  intensity  of  the  force  ap- 
plied to  this  building  by  the  earthquake  was  nearly  uniform  over  the 
entire  structure.  The  two  brick  wings  were  practically  shaken 
down,  suffering,  I  shoulil  judge,  considerably  more  than  50  per  cent 
damage.  The  reenfnrccd-c<)ncrete  central  portion,  viewed  from  the 
exterior,  seemed  absolutely  undamaged.  In  the  interior  a  few  cracks 
had  opened  up,  but  they  were  not  of  serious  consequence.  I  should 
judge  that  a  thousmid  dollars  would  easily  cover  all  the  ri'pairs  to  this 
part  of  the  building.  Its  valuable  contents  were,  to  a  large  extent, 
thrown  to  the  floors  and  sma-^hed,  involving  a  considerable  loss;  but 
the  structure  its<'lf  suffere<I  almost  no  injury.  The  only  <lamage  to 
the  girls'  dormitory  was  cause(!  by  a  chinnicy  that  lojipled  ()ver  and 
crashed  down  through  llie  roof,  doing  miuic  damage  on  the  inside. 
By  good  luck,  no  one  wns  hurt  in  this  building.  The  conci'ete  wall 
showed  one  or  two  cracks,  which,  however,  were  said  to  be  shrinkage 
cracks  that  had  appeai-t'd  soon  after  the  building  was  linislied.  The 
earthquake  apparently  had  caused  no  visible  damage  of  any  sort  in 
the  exterior  walLs. 

It  was  noticed  that  those  buildings  which  had  completely  truKsed 
roofs  sufiered  much  less  than  those  in  whicti  the.  w&ll*  U*.iV  \.ft  \sJ*a 
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the  tliniKt  of  the  rafters.  This  result  was  iintiimlly  to  be  fxi>erted, 
and  indicates  that  in  eartliquake  countries  walls  should  not  be  sub- 
jected to  the  thrust  of  the  rafters  at  all.  The  damage  at  the  univer- 
sity also  indicated  clearly  the  nei-es-sity  of  thoroughly  tying  all  the 
w^.Ils  to  the  roof  construction,  gable  walls  as  well  as  others.  Tlie 
university  post-office  building  was  said  to  be  of  reenforced  concrete 
and  undamaged.  Very'  good  illustrations  of  the  damage  at  Stanford 
University  can  be  seen  in  the  Engineering  News  for  May  10,  1906, 
and  in  the  Engineering  Reconl  for  Mav  12,  190C.  (See  also  Pis. 
XIV,  .1;  XV;  XVI;  XVII,  B;  XVIII.)"  A  concrete-block  building 
in  the  town  of  Palo  Alto  was  totally  demolished. 

(ITIIKH  TOWNS. 

Concrete-block  buildings  elsewhere  were  also  reported  as  totally 
destroyed.  The  various  structures  of  the  Soiitheni  Pacific  Railroad 
along  the  coast  division  had  sulTered  more  or  less  damage.  One  or 
two  stations  faced  with  u  sandstone  similar  to  that  used  at  the  Le- 
land  Stanford  Junior  University,  and  built  in  the  ordinary  style, 
had  iK'en  very  seriously  damaged.  One  station,  which  seemed  to 
have  l)een  built  a  little  more  carefully  and  with  larger  stones  than  the 
rest,  was  in  very  much  better  condition  than  most  of  them.  The  city 
hall  at  Redwood  had  a  central  circular  tower,  with  a  dome  supported 
on  ste(-I  work,  nnich  as  in  the  city  hall  at  San  Francisco  (PI. 
XXXI),  though  on  a  smaller  scale,  and  suffered  almost  exactly  the 
same  kind  and  degree  of  damage. 


r 


CONDITIONS   OUTSIDE   OF   SAN    FHANflSCO.  115 

formerly  tlie  main  dam,  when  the  reservoir  was  smaller  than  it  is 
now.  The  concrete  dam,  which  was  parallel  to  the  fault  and  of 
course  very  near  to  it,  was  absolutely  nninjured  (PI.  XI,  B) ;  the 
earth  dam,  which  lay  across  the  fault  approximately  at  right  angles, 
showed  definite  signs  of  disturbance  and  lateral  displacement.  Ijongi- 
tudinal  and  transverse  cracks  appeared  on  toi)  of  the  eurlh  dam,  and 
some  of  the  former  were  reported  to  have  extended  to  a  depth  of  at 
least  3  or  4  feet.  Tlie  transverse  cracks  were  said  to  be  less  well 
defined  and  to  indicate  rather  a  general  disturbance  on  each  side  of 
the  fault  line,  about  ono-fourth  of  a  mile  away,  and  was  absolutely 
to  which  it  was  damaged  could  not  tie  a.«certained, 

San  Andreas  Lake  is  retained  by  a  high  earth  dam.  The  fault  ran 
under  the  east  end  of  this  dam  and  produced  considerable  disturb- 
ance over  a  strip  about  150  feet  wide,  though  the  dam  was  not  seri- 
ously injured.  A  concrete  culvert  inlet  was  connected  with  this  dam, 
and  one  of  the  worst  transverse  cracks  noted  ran  diagonally  over  the 
culvert,  but  the  culvL'rt  itsi'If  was  uninjured.  Besides  the  high  con- 
crete dam  of  Crystal  Springs  Luke,  the  water  company  had  another 
smaller  concrete  dam  at  Seai-sviile.  This  dam  also  was  parallel  to 
the  fault  line,  about  one-fourth  of  a  mile  away,  and  was  absolutely 
uninjured. 

The  Spring  Valley  Water  Company  had  three  main  conduits  run- 
ning into  San  Francisco,  One  of  these,  known  as  the  Pilarcitos 
conduit,  consisted  largely  of  i^^-inch  and  liO-inch  riveted  pipe  and 
24-inch  cast-iron  pipe;  some  feeders  were  built  of  wooden  flume. 
The  conduit  crossed  and  recrossed  the  line  of  the  fault,  and  was  so 
badly  wrecked  that  the  company  has  decided  to  abandon  it — no 
doubt  a  wise  decision,  because  the  location  along  the  line  of  the  /ault 
was  a  very  bad  one.  Wherever  the  conduit  crossed  the  f;iult  line  it 
was  destroyed.  In  some  places  there  was  a  longitudinal  displacement 
of  as  much  as  84  inches,  which  either  telescojwd  the  pipe  or  pulled 
it  apart,  as  the  case  might  be.  (Views  of  these  cffeds  are  given  in 
PI.  IX.)  'It  made  no  dilfercnce  whethei'  (he  conduit  was  in  firm 
ground,  or  ill  soft  ground,  or  carried  oi[  n  trestle  over  marshy  ground; 
tbe  result  was  the  same  wherever  it  crossed  the  fiuiU.  In  many  . 
places  where  the  ccHiduit  was  carried  ()n  tiTstlework  the  timber 
sliowed  consideraltle  decay:  Whether  sound  timber  structures  would 
have  withstood  the  shock  seems  opi'u  to  question,  (Sec  also  PI. 
X,^.) 

Within  the  city  pro|ier  the  reservoir  known  as  I^ake  Honda  was 
damaged  by  the  cracking  of  its  concrete  lining.  It  is  iv|)orte<l  that 
this  cracking  was  due  to  the  displacement  of  a  retaining  wall  by  a 
sliding  bank  set  in  motion  by  the  earthiiuake. 

The  ^JBtributing  mains  of  the  Spring  Valley  Water  Couvt^aiA.^ , 
jjassed  (Iirough  soft  or  niailw  gvowuiX,  sw^cv^i  \\\ 
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suiiie  way  as  the  conduits  and  pipes  wliicli  crossed  the  fault  line. 
(See  tho  maps.  Pis,  LVI  and  LVII.)  Some  subaqueous  pipe  lines 
croiJ.siiig  the  bay  seem  not  to  liave  been  injured. 

Two  interesting  eartli  dams  are  tliose  at  the  San  Jose  Water  Com- 
pany's Saratoga  I'eservoir,  whioh  lies  in  a  saddle  in  tlio  mountains 
and  is  retained  by  an  earth  dam  at  cither  ond.  Tlie  fault  runs 
diri'ctly  through  tlie  reservoir,  crossing  I)oth  dams  approximately 
at  right  angles.  It  was  reported  Uiat  near  the  east  end  of  the  north 
dam  transvei-se  cracks  were  formed,  which  extended  through  the 
botly  of  the  dam.  There  was  also  a  longitudinal  crack  on  top  and 
some  settling  of  the  upstream  half  of  the  dam.  Tlie  i-eservoir  seems 
to  have  been  full  at  the  time  of  the  earthquake,  but  no  evidence  was 
found  that  any  water  had  escaped  through  this  dam.  At  the  south 
end  of  the  reservoir  tlie  fault  line  intersected  not  only  the  dam  but 
the  10-inch  outlet  jiipe,  which  was  broken  by  the  earthquake.  Con- 
siderable damage  seems  to  have  been  done  to  the  dam  by  the  water 
escaping  through  this  broken  outlet  pipe.  Whether  the  dam  itself 
would  have  been  seriously  injured  by  the  earthquake  but  for  this 
pipe  can  not  probably  be  determined. 

I'rofessors  Marx  and  Wing  also  noted  in  the  vicinity  of  the  fault 
a  number  of  monolithic  concrete  bridges,  all  of  which  were  unin- 
jured; none  of  them,  however,  absolutely  crossed  the  fault  line. 
(Cf.  PI.  XI,  A.)  These  observers  also  report  (hat  a  small  concrete 
reservoir,  built  partly  in  embankment  and  partly  in  excavation,  was 
wrecked  by  the  earthquake,  and  seem  to  think  that  such  structures 
would  l)etter  be  built  in  excavation.  Tliev  found  that  some  high 
-  f^l[llL■^  mviyiuir  w.iIlt  liniks.  us  wi-ll'us  MJiiilui 
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SO  that,  although  it  will  suffer  damage  from  future  earthquakes, 
this  damage  will  not  be  at  alt  fatal,  and  the  city  will  not  burn  up  aa 
a  rfsult  of  it. 

DISTRIBUTION  SYSTEMS  FOB  WATERWORKS. 

Ill  u  I'itj  subjected  to  eartliqtiukev  it  seems  practically  impossible 
to  suggest  any  method  of  coustruction  which  wilt  make  tbe  maiiiii 
and  distributing  pipes  at  all  times  i>erfectly  secure.  In  my  judgiiiunt 
the  only  remedy  is  to  have  within  the  city  itself  a.  large  storage 
capacity,  distributed  among  various  reservoii-s,  and  to  have  a  more 
than  ordinarily  complete  gridiron  of  mains  with  gate  valves  to  cut 
out  ujiy  main  at  every  intersection.  Further,  the  mains  should  be 
larger  than  would  ordinarily  l»e  required,  so  that  if  a  portion  of  the 
grittirou  were  shattered  it  could  be  cut  out,  but  the  water  could  be 
brought  in  undiminished  quantities  to  the  perimeter  of  the  shat- 
t*n.'d  urea  from  all  undamaged  parts  of  the  gridiron;  thqt  is,  the 
m8in.s  should  be  so  large  tbut.  although  the  water  would  have  farther 
to  travel  in  this  case,  there  would  Iw  an  adequate  supply  for  fighting 
fire,  if  necessary,  in  the  ai-ea  where  the  mains  were  shattered. 

It  would  seem  that  in  a  city  like  San  Franciaco  a  -siwcial  system 
of  high-pressure  salt-water  mains,  supplied  from  a  pumping  station, 
would  be  the  best  solution  of  the  fire-fighting  problem  sn  far  as  the 
congested  district  is  concerned.  Thi.s  plan  has  been  recommended  by 
the  National  Board  of  Fire  Underwriters,  and  it  is  probably  the 
wisest  one  under  the  circumstances.  The  pumping  station  should, 
of  course,  be  protected  from  earthquake  damage  in  every  possible 
way.  Perhaps  it  should  he  a  floating  station.  The  salt-water  mains 
should  be  -so  laid  out  and  so  interconnected  that  nothing  .short  of  gen- 
eral destruction  of  ihe  entire  system  could  wholly  shut  off  the  water 
from  any  considerable  area. 

In  a  city  like  San  Francisco,  where  there  is  practically  no  damage 
from  freezing,  it  would  seem  worth  while  to  run  the  mains  exposed 
everywhere,  so  that  brtiaks  could  be  located  almost  immediately.  As 
these  breaks  would  ordinarily  occur  only  in  scattered  localities,  and 
would  not  be  very  great  in  extent  themselves,  it  ought  to  be  possible 
to  repair  them  in  time  to  pivvent  any  genei-al  ilcslniction  of  the  city 
by  fire.  Running  the  nmins  exposed  would,  of  course,  introduce  diffi- 
cult problems  at  street  rnis^ings,  but  there  is  little  doubt  that  such 
problems  could  Ijc  solveti  smressfully  if  ihey  were  -eriously  studied. 
All  this  means  greatly  increased  expense  in  the  distribution  sys- 
tem, but  in  a  situation  such  as  that  of  .San  Fniucisco  it  seems  to  be 
required. 

The  earthquake  etl'ecls  iil  San  Francisco  also  indicate  clearly  that 
(1  .ipecial  study  should  lie  made  of  the  problem  (»f  promptness  in 
emergency  repairs  to  the  conduits  and  mains.     It  a<i«nv%  wfttwre*.  '^'a.V.i 
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in  the  iniinediatt^  vicinity  of  existing  faults  and  near  areas  including 
any  considerable  amount  of  made  ground,  both  conduits  and  mains 
may  l)e  expected  to  suffer  serious  damage.  At  one  point  on  Van 
Kess  avenue  (see  B,  PI.  LVI),  where  I  happened  to  see  the  mains 
uuTOvercd,  a  heavy  water  pipe,  apparently  about  HO  inches  in  diame- 
ter, had  been  broken  into  pieces  not  more  than  2  feet  long.  The  total 
length  of  the  break,  however,  was  not  more  than  40  or  50  feet,  so  far 
as  I  could  judge  from  what  I  saw  uncovered.  It  would  seem  that  tliis 
main  might  have  l>een  spliced  in  a  few  hours  had  there  been  some 
means  of  rapidly  plugging  the  broken  ends  on  either  side  of  the 
break  and  making  a  tuunber  of  taps  in  the  undamaged  parts  with 
parallel  lengths  of  tire  Iiose  of  large  size.  With  gate  valves  at  short 
intervals  it  ought  to  be  possible  to  cut  out  any  damaged  portion  of 
the  system  by  coiuiecting  through  with  fire  liosi-  in  such  a  way  as  to 
maintain  ut  least  a  partial  supply  of  water  for  fire-fighting  purposes. 
Some  similar  plan  on  a  larger  scale  might  be  devised  for  repairing 
conduits. 

It  would  also  seem  desirable,  wherever  au  importHut  conduit  or 
main  crosses  filled  ground  or  material  soft  enough  to  suffer  con- 
.-^olidation  as  a  result  of  thorough  shaking,  to  carry  the  main  on  piles 
or  other  foundations  reaching  to  firm  materinl  below.  Wherever 
there  was  filled  ground  the  vibration  due  to  the  earthquake  seemed 
to  have  much  the  siime  effect  as  would  be  produced  in  a  ves.yel  that 
had  been  loosely  filled  with  sand  and  then  subjected  to  vibration;  as 
is  well  known,  the  sand,  under  such  circumstances,  will  suffer  con- 
solidation to  a  very  appi-eciable  extent,  which  naturally  lowers  its 
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under  pressure,  and  therefore  can  not  be  repaired  with  fire  hose,  as 
fiiiggestt?d  for  water  mains.  There  seemed  to  be  some  fear  in  San  " 
Francisco  that  the  breaking  of  the  sewers  and  the  water  nmins  would 
cause  the  water  to  be  contaminated  by  the  sewage;  but  evidently  if 
means  were  devised  to  maintain  a  good  pressure  in  the  water  pipes 
this  pressure  in  itself  would  protect  a  lealiy  niiiin  from  .such  con- 
tamination. 

■CONGESTED 


The  Baltimore  and  San  Francisco  fires,  as  well  as  many  other 
fires  and  fire  tests,  have  proved  conclusively  that  commercial  meth- 
ods of  firepr(K)fing  are  inadequate  to  stajid  any  severe  test.  In  most 
buildings  the  steel  work  is  fairly  well  protected,  but  the  number  of 
failures  is  sufficiently  great  to  show  that  the  factor  of  safety  against 
fire  is  not  by  any  means  what  it  should  be. 

For  the  protective  covering  itself  to  suffer  complete  destruction, 
or  almost  complete  destruction,  in  any  one  fire  is  in  itself  a  failure, 
because  under  such  circumstances  the  steel  work  is  very  near  destruc- 
tion and  the  margin  of  safety  is  altogether  too  small.  It  is  more 
than  probable— ahnost  certain,  in  fact — that  n  detailed  investigation 
of  all  the  buildings  in  San  Francisco  would  reveal  many  "  protected  " 
columns,  not  indicated  in  this  report,  that  buckled  as  a  residt  of  the 
failure  of  the  covering.  In  my  judgment,  columns  should  either  be 
covered  with  4  inches  of  brickwork,  laid  in  Porthmd-cemuut  mortar, 
and  have  all  of  the  interior  space  filled  with  conirete.  or  else  they 
should  be  inclosed  in  an  expanded-nietal  jacket  and  the  entire  inte- 
rior filled  with  concrete,  so  that  the  mininuun  thickness  of  the  con- 
crete would  not  be  less  than  4  inches,  Kxjiosed  fl:inges  of  girders  and 
beams  shoidd  lie  protected  by  the  equivalent  of  1^  to  '2^  inches  of 
solid  porous  terra  cotta,  accordiuf^  to  circumstances.  If  concrete  is 
to  be  used,  this  thickness  should  l>e  incivased  by  about  half  an  inch. 
The  protection  for  lower  flanges  should  always  Ih!  inclosed  in  a  basket 
of  expanded  metal  or  heavy  wire  latii.  secui-ely  anchored  into  the 
side  protection  of  tlic  «ebs.  The  San  Francisco  I'xperience  showed 
that,  even  in  a  hot  fire,  such  inetal-uie^ih  basket  work  will  largely 
retain  its  tensile  strciigtli.  and  thus  hold  in  po-^itiou  tJie  fireproof  cov- 
ering inside  evi'ti  tlioujili  (he  latter  sJioidil  lie  >liatt('r('d  by  expansion 
stres.ses  or  olherwist'.  The  webs  of  the  girders  should  he  covered  by 
4  inches  of  brickwork  or  conci-ete,  Iniilt  up  on  the  lower  flanges. 
Girders  should  be  completely  covered  from  bottom  to  top  Iwfore  the 
floor  systems  are  put  in,  so  that  the  collapse  of  the  latter  will  not 
or-nneo  iho  irirder.     Floor  beams  should  have  hcav^,  boUiI  i^"Aor\\x,a 
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skew  backs,  not  less  than  IJ  inches  thick,  or  lie  covered  with  at  least 
2  inches  of  concrete.  In  an  important  work  the  protection  of  the 
lower  Hangcs  of  the  Hoor  beams  should  also  be  incased  in  expanded 
metal  or  wire  lath.  The  furred  ceilings  so  much  used  in  San  Fran- 
cisco are  a  valuable  addition  to  the  lire-resisting  qualities  of  floor 
construction,  and  if  the  furrinp  rmU  wore  more  firmly  secured  the 
total  loss  here,  as  a  rule,  would  be  measured  by  the  value  of  the 
)>laster  alone. 

Hollow-tile  partitions  shnnld  not  Iw  less  than  (1  inches  thick.  The 
tiles  should  have  welis  at  least  1  inch  thick,  and  all  interior  angles 
should  be  well  filleted.  The  tiies  themselves  should  be  carefully  laid 
in  Portland-cement  mortar,  with  all  joints  absolutely  filled.  Timber 
studs  running  to  the  top  of  the  partition,  to  frame  a  door  or  window 
opening,  slionld  l>e  absolutely  prohibited.  The  webs  of  floor  tiles 
should  not  l>e  less  than  an  inch  thick,  and  their  interior  angles  also 
should  l>c  well  filleted. 

The  results  at  Halliniorc  and  San  Francisco  did  not,  by  any  means, 
indicate  that  either  hollow  tile  or  concrete  is  altogether  a  failure  or 
altogether  n  success.  Both  fires  indicated  very  clearly  that  com- 
mercial methods  of  applying  Itoth  materials  are  inadequate,  but  also 
that  successful  results  can  l)e  attained  with  both  materials. 

A  conflagration  never  yields  nOiahle  comparative  results,  but 
judging  from  such  comparative  results  as  are  available,  I  think  that 
there  is  no  question  that  the  Ix-st  fire-resisting  material  available  at 
the  present  time  is  the  right  kind  of  burned  clay — that  is,  a  good, 
tough,  refractory  chiy,  almost  as  refractory  as  fire  clay,  made  into 
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■was  before;  wherfuh  coiicrete  of  any  kind  which  has  come  through  a 
firo  ill  which  the  temperature  has  exceeded  700°  or  800°  F.  is  inevi- 
tably danmged  in  all  cases,  owing  to  the  dehydration  of  the  cement, 
although  it  may  apiKiil-  uninjured  to  the  casual  observer.  Thisi  prop- 
erly o£  concrete,  of  maintaining  n  good  face  in  spite  of  real  and  aeri- 
oiis  damage,  is  likely  to  lead  the  layman  into  dangerous  funclutsions, 
and  consequently  into  ei|ually  dangerous  practice.  It  would  seem 
that  wherever  reen forced-concrete  flmir  construction  is  iifie<l  a  furred 
reiling  Im-Iow  it  ishould  \>e  absolutely  required. 

The  furred  ceilings  ordinarily  used  arc  t(Ki  light;  the  furring  rods 
are.  not  finite  heavy  euriugh  and  tlicy  are  not  adequately  secured 
to  the  floor  construction  above.  If  tliey  were  made  a  little  heavier, 
aiid  were  more  firmly  secni-ed,  it  is  probable  that,  as  a  rule,  no  loss 
would  occur  except  that  of  the  jilaster.  Even  if  the  furred  ceiling 
itimes  down  bodily,  this  failure  is  not  apt  to  occur  until  so  late  a 
stage  in  the  fire  tliul  the  Hour  <oti  struct  ion  above  will  l>e  practically 
undama^-d.  Im'chusc  llieic  will  not  be  enough  left  of  the  fire  to  raise 
(In-  h-nipenitiii-c  of  ihe  couiti-I.-  Io  the  point  where  dehydration  of 
the  cement  will  iK'gin.  The  presenct?  of  a  furred  ceiling,  however,  no 
nuitler  how  good,  Khould  never  \)v  «^.'C(^pt#d  as  an  excuse  for  omitting  , 
the  piwteetion  of  the  lower  flanges  of  the  floor  beams  and  girders.  A 
hollow-tile  floor  that  would  Iw  fijlly  e(]uiva]cut  to  a  reen  forced -con- 
iTcle  floor,  with  n  furi-ed  I'eiliug,  could  l«'  made  by  using  tiles  in 
which  tlio  minimum  thickness  of  the  webs  is  1  inch,  and  of  which  the 
material  itself  is  lough,  i-efractory  clay,  made  porous  by  the  addi- 
tion of  sawdust ;  such  tiles  shcuild,  however,  lie  burned  (o  a  point 
where  the  clay  itself  is  just  short  of  vitrification.  All  (he  interior 
angles,  where  the  webs  of  thi'  tiles  join  each  other,  shoidd  Im-  rounded 
lo  ft  radius  of  at  least  1  inch  or  1^  inches.  If  necessary  to  secure 
proper  biu'uing.  a  small  hole  thrce-*'ighths  to  five-eighths  of  an  inch 
in  diameter  miglil  be  allowed  through  the  mass  of  clay  at  the  inter- 
section of  the  wel>s. 

Tests  recntly  uuide  of  a  pattern  of  tile  use.l  at  the  War  College 
indicate  that  ll<K.r  tiles  subjected  to  ii  fire  test  will  stand  letter  if 
there  is  hut  one  interior  liolc  througli  the  tih's.  all  tlie  material  which 
would  otherwis<'  be  liscd  in  the  iiitciior  webs  being  concentrated  in 
the  outer  webs,  and  lh>'  <i[M'uirig  in  llie  tile  U-ing  of  circidur  or  ellip- 
tical shape,  depending  on  (he  Jieight  and  width  uf  (he  tile.  For 
floor  arches  Ix'lwecn  steel  bciinis  sucli  n  tile  as  this  one  would  have 
to  l)e  used  on  tiic  eud-couslnicii{iu  plan.  A  specially  heavy  skew 
back  should  l)e  desigiieil  to  go  with  it.  or  else  the  end  tiles  should  be 
cut  to  fit  the  profiles  of  the  Iwam.  The  tiles  themselves  being  so 
heavy,  the  latter  method  of  obtaining  a  skew  back  would  probably 
mtks  the  arch  more  than  strong  enough  to  carry  it&  loftd.,  %.\s.'&.  *«Vsisi% 
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although  for  that  purpose  a  siiecially  designed  extra  heavy  side- 
construction  skew  back  would  be  better,  and  sliould  on  the  whole  be 
recommended  even  in  connection  with  the  heavy  end-construction 
arches  described.  It  is  probable  that  either*  a  good  concrete  floor 
with  the  right  kind  of  ceiling  Itelow  it,  or  a  heavy  tile  floor  such  as 
that  herein  described,  would  come  through  almost  any  fire  with  no 
damage  except  the  loss  of  the  ceiling  plaster.  These  two  types  may 
therefoi-e  be  taken  as  equivalent  in  efficiency;  they  will  probably  be 
about  equal,  also,  in  first  cost. 

It  should  be  added  that  attic  floors  and  roofs  should  be  as  carefully 
designed  to  resist  fire  as  any  other  part  of  a  building.  This  is  a  ■ 
thing  that  has  rarely  been  done,  and  the  experience  of  both  Baltimore 
and  San  Francisco  shows  that  it  is  absolutely  necessary. 

PROTECTION    OF  OPENINGS, 

^VTiile  there  is  no  doubt  that  commercial  standards  of  fireproofing 
are  dangerously  inadequate,  the  greatest  trouble  of  all  is  the  fact 
that  so  little  attention  is  paid  to  protecting  the  exterior  openings  in 
a  building.  Even  a  very  inefficient  type  of  fire  sliutter  would  prob- 
ably have  saved  some  of  the  buildings  in  San  Francisco,  which  were, 
as  a  matter  of  fact,  burned  out,  A  light  metal  shutter  combined 
with  a  window  sprinkler  would  probably  resist  a  rather  fierce  fire  for 
a  long  time.  Although  the  failure  of  the  water  supply  in  San  Fran- 
cisco might  be  urged  as  one  reason  why  a  window  sprinkler  would 
have  lieen  of  no  avail,  it  is  a  fact  that  water  can  be  obtained  by  driv- 
-ells  into  the  siuul  which  underlies  the  biisineris  poitiuii  of  Kan 
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the  sheet  of  steel  is  itself  in  position.  By  providing  a  pocket  in  the 
masonry  just  abovu  the  win(k>w  head  and  making  these  shutters  ii( 
three  or  four  part.s,  overlapping  and  interlocking  at  the  overlap,  the 
whole  shutter  could  be  slid  up  into  the  wall  practically  out  of  sipht. 
This  arrangement  would  necessitate  window  openings  slightly  lower 
than  those  used  in  many  commercial  buildings,  but  the  loss  of  light 
would  not  l»e  very  serious.  The  metal  shutters  when  closed  should 
overlap  the  window  opening  in  all  directions  by  at  least  6  inches. 
This  overlapping  could  lie  nccomplished  at  the  sill  without  making  a 
pocket  to  catch  water  and  dust,  by  fonning  n  step  in  the  sill  itself. 

2.  The  windows  should  lie  made  entirely  of  wire  glass,  with  ^eet 
metal  or  metal-covereti  sash,  hung  in  metal  or  mt'tnl -covered  frames. 
Clear  wire  glass  can  be  used  if  desired. 

3.  On  the  inside  of  the  window  there  should  I*  a  sliding  shutter, 
either  of  wood  covered  with  sheet  metal  or  of  sheet  metal  such  as 
that  descrilx-d  for  the  outside.  If  the  outer  wall  is  furred,  a  pocket 
could  be  made  between  the  furring  and  the  wall,  so  that  the  inside 
shutters  could  be  slid  sidewise. 

It  is  probable  that  under  a  fairly  bad  exposure  to  fire  the  outer 
shutters  here  described  would  be  so  damaged  that  they  would  have  i 
to  l>e  removed.  In  a  conflagration  they  would  probably  be  warjied  | 
to  such  an  extent  as  to  let  the  heat  in.  and  possibly  to  soften  the  wire 
glass  and  damage  the  windows  themselves,  so  that  they  also  might 
have  to  lie  renewed — at  least  so  far  as  the  sash  were  concerned.  But 
it  is  very  doubtfid  if  any  conflagration  would  ever  get  through  the 
sash,  much  less  through  the  inside  shutters.  Any  damage  to  the 
window  protection,  however,  would  be  a  very  small  matter  comjiared 
with  the  total  destruction  of  the  contents  of  the  building  and  a 
damage  of  65  to  SO  per  ctmt  to  the  building  itself. 

Window  protection  of  the  kind  just  <lescril>ed  could  be  so  designed 
that  it  would  not  l)e  ()bjectionable  even  on  the  principal  fronts  of 
buildings.  The  San  Francisco  and  Baltimore  fires  have  demon- 
strated that  all  the  exterr<)r  openings  of  even  fireproof  buildings  need 
protection.  It  would  ^eeui  Ihut  the  time  has  arrived  when  building 
ordinances  should  require  it. 

If  to  the  triple  window  proteclion  described  above  a  window 
sprinkler  with  adequate  water  supply  is  added,  a  defense  which 
will  probably  not  only  be  ad('i|iiate  for  its  pui'pose.  but  which  will 
suffer  small  damage  itself,  will  be  provided.  This  system  of  protec- 
tion, while  it  has  never  Ix'en  applied,  can  !h'  ii]i])Hed  !it  a  cost  which 
is  not  prohibitive,  especially  if  unnecessary  and  expensive  finish  is 
omitted. 

Practically  all  the  firepi-oof  buildings  in  San  Francisco  were  un- 
shuttered.    Many   nonfireproof   buildings  wenr   partially   slmtteced™, 
1 1  f  the  Tacvftc  ^Va<es.'YcV\A\«wi  %»;^~  " 
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graph  Company  on  Bush  street,  was  completely  shuttered.  Although 
every  opening  in  this  building  was  protected,  it  is  not  certain  that 
the  fire  did  not  find  its  way  into  the  building  through  some  of  them 
in  spite  of  the  protection.  The  protection  of  individual  openings 
apparently  was  not  quite  heavy  enough." 

The  view  of  the  main  front  of  this  building  (PI.  XLI,  A)  shows 
plainly  that  it  was  not  severely  attacked  by  the  flames,  yet  it  prob- 
iibly  would  have  resi^ited  such  an  attack  a  good  deal  better  than  the 
fa^-ades  of  many  other  buildings.  The  exterior  architraves  of  most 
(if  the' windows  are  of  solid  molded  brickwork,  and  the  amount  of 
iiollow  terra  cotta  in  the  exterior  front  is  reduced  to  a  minimum,  so 
that  this  building  would  probably  not  have  suffered  quit«  as  much 
as  the  average,  even  if  the  fire  test  from  the  outside  had  been  fully 
iiw  severe. 


It  would  seem  that  the  que.stion  of  so-called  fireproof  vaults  in 
commercial  office,  buildings  should  also  receive  some  attention.  The 
failure  of  such  vaults  in  San  Francisco  is  absolutely  inexcusable. 
The  fact  that  they  were  so  flimsy  was  not  due  to  any  lack  of  available 
knowledge  as  to  how  a  fireproof  vault  sliould  be  built;  the  only 
motive  that  can  be  imagined  for  the  erection  of  such  vaults  is  parsi- 
monious and  criminal  economy.     (See  PI.  LII.) 

CONSTRUCTIONS    AND     MATERIALS     RECOMMENDED    FOR    EARTH- 
QUAKE LOCALITIES. 
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edly  saved  the  masoiii"j'.  In  siu-h  biiililiiigs  a^  llie  new  Chronicle 
and  the  Monadnock  the  effet-t  of  th(.'  vibration  was  really  resisted  by 
the  masonry,  which  was  much  shattered.  Some  of  it  was  precipitated 
into  the  street  from  the  new  Chronicle  Building,  the  Rialto  Building;, 
and  others.  It  in  not  ut  all  certain  that  tlie  steel  frames  of  th«s6 
buildings  have  not  also  been  seriously  daniagcd  by  the  earthquake. 
Naked  steel  frames  of  the  same  tyi>e  cnmt-  through  without  serious 
damage,  but  they  ilid  not  sutTcr  the  iidditinnnl  stresses  dne  to  the 
vibration  of  a  great  load  of  masoniy.  (Iihm-  ciinst ruction,  and  can- 
tents  in  tlic  upper  stories,  as  did  tlie  fiiiisiieil  buildings.  It  is  not 
right  to  nni  thii  risk  of  pretupitaliug  the  niiiMUuy  into  the  street  (Hi 
the  heads  of  pas.si>rs-by,  as  would  litivc  happened  at  the  imbraced 
steel-frame  buildings  had  the  earthquake  occurred  at  a  later  hour  in 
the  day.  Besides,  if  the  stri'ugth  nf  the  building  is  dependent  on  the 
mastmry,  which  is  seriously  shatti'red  by  tlie  stresses  that  it  ]s 
expected  to  resist,  tin-  factnr  iif  safety  against  general  cxjllapse  i^ 
mnnifeslly  too  small.  Tbc  slcul-fraiiie  consti'iiition  should  therefore 
be  thorougldv  braceil.  In  uiv  jud^ucnl,  to  olitaiu  the  best  re-nulls  it 
ehoidd  also  be  ii.cl.w.'.]  with'  walls  of  rcenforccd  cncivle.  in  which 
ease  it  would  lie  almost  impossible  to  thr<»w  the  walls  off.  The  proper 
urtislictreatmenf  of  tiiis  niHterial  in  n  place  like  San  Francisco  would  i 
seem  to  be  a  very  important  problem  for  the  arrhitecta  The  great  [ 
utility  of  reenforced  concrete  in  I'Mrtlinuake  sbocks  nm  not  l)c  denied. 
Where  stecl-franie  Iniildings  are  to  ln^  finished  with  ordinmy  masonry 
waDSf  however,  compli-le  bomliiig  nf  all  face  bricks  wilb  full  header 
courses  should  Im?  id)solutely  I'ciiuired.  No  nllicr  funu  nf  bond  is 
adei)uate.  Nothing  but  Purtlainl-ccrni'iii  iiicrlur  ^linnM  be  iillowed  in 
any  part  of  the  structure,  Tlie  masonry  ^•boldd  lie  lii'd  to  the  steel 
frame  in  the  very  best  po-.^ilile  way,  iind  much  luoi'c  >i>ciirely  than  is 
ordinarily  the  case. 

For  bnihlings  of  modenile  height,  say  ii|)  to  1l'."i  feet  as  an  extreme 
limit,  reenforced  coui'rcte  alone  ciiii  lunliiuiileilly  be  >o  ilesigneil  as  to 
give  very  good  i-csulls  when  Mibjectei!  lo  (■iiher  eiii'(h(|iuda'  or  fire. 
But  the  "bracing  of  a  ivenr<.]re<l-'.iiicivt,-  Uiiibling  nf  any  height  to 
resist  earthquake  is  a  mallei-  for  sei'idii-  >linly.  The  pr<il>loni  can  be 
solved,  but  it  has  not  been  snlved  yd. 

Any  bnilding  of  considerable  liei.L'ht.  in  an  earili'iual;.'  cianitry, 
should  have  as  little  nia-s  in  the  sitpcrMnimiie  a-  |,..->ililc.  con-distent 
with  other  neces-ary  .|iialilie-.  lliit  ibi-  limilin.L'  "f  mass  does  not 
mean  that  the  flirn>y  flooc-  and  ]>ailili..ns  h.'rci<.r..ce  in  iim^  should  Ije 
continued.  In  fact,  tii  make  liie  bnihliniis  proof  agaiii^l  Uilh  earth- 
quake and  fire  it  is  ijmlwble  that  Ihcy  will  have  lo  lie  at  least  as 
heavy  aa  they  have  been,  but  changes  in  distribution  of  the  mass 
could  advaotageously  be  made. 
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For  the  ordinary  commercial  building,  where  brick  walls  and 
wooden  joists  would  ordinarily  be  used,  I  am  of  the  opinion  that 
the  ufie  of  reenforced  concrete  would  be  the  safest  and  most  practica- 
ble solution  in  a  place  like  San  Francisco.  Where  reenforced  con- 
crete is  used  throughout,  whether  the  building  is  very  tall  or  not, 
great  care  should  be  taken  with  the  design  and  execution  of  the  con- 
nections between  the  columns  and  the  members  of  the  floor  system. 
There  should  be  heavy  knee  braces  for  the  connection  of  all  girders 
and  beams,  and,  wherever  possible,  portal  bracing  in  the  shape  of 
reenforced -concrete  arches  should  be  introduced.  -  Of  course  the 
amount  of  this  work  that  needs  to  be  done  depends  on  the  circum- 
stances in  each  individual  case,  such  as  the  height  of  the  building, 
its  horizontal  area,  the  kind  of  material,  the  dead  weight  in  the 
upper  stories,  etc. 

The  opposition  of  the  bricklayers'  union  and*simil&r  organizations 
lias  hitherto  prevented  the  use  of  reenforced  concrete  in  San  Fran- 
cisco for  all  parts  of  buildings.  This  action  of  the  labor  unions  has 
probably  cost  the  city  a  good  deal,  and,  should  it  be  continued,  will 
cost  a  great  deal  more  in  the  future. 

From  the  elTect  on  the  fortifications,  and  on  monolithic  and  massive 
concrete  structures  elsewhere,  as  indicated  by  the  details  taken  from 
the  report  of  Professors  Marx  and  Wing,  it  seems  justifiable  to  con- 
clude that  a  solid  monolithic  concrete  structure  of  any  sort  is  secnre 
figainst  serious  damage  in  any  earthquake  country,  unless  it  should 
happen  to  lie  acrass  the  line  of  the  slip;  in  that  case  the  damage 
might  be  fatal,  or  it  might  not,  depending  altogether  on  the  amount 
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more  than  the  strueture  itself,  esjjecially  if  any  attempt  is  made  to 
fix  the  value  of  records  and  papers  that  can  not  be  duplicated.  In 
the  second  place,  the  buildings  themselves  suffered  a  damage  exceed- 
ing 65  per  cent,  and  in  San  Francisco  probably  amounting  to  almost 
80  per  cent.  A  study  of  the  items  entering  into  this  damage  dis- 
closes the  fact  that  a  very  large  proportion  of  it  is  due  to  the  loss 
of  the  architectural  finish,  snch  as  face  brickwork,  ornamental  term 
cotta.  and  stonework  on  the  exterior;  marble  dadoes,  columns,  and 
other  finish  on  the  interior;  wooden  door  and  window  frames,  wooden 
doors  and  windows,  ornamental  grillwork,  etc.  If  the  fireproof- 
building  problem  is  to  l»e  solved  in  such  a  manner  that  conflagrations 
will  not  cau.se  serious  losses,  it  would  seem  that  radical  revision  of 
the  method  of  finish  is  necessary.  As  the  finish  must  practically  be 
a  total  li)s.s  anyway,  it  should  be  so  devised  that  it  can  be  replaced 
at  small  expense.  This  requirement,  however,  makes  it  impossible 
to  adopt  a  material  for  the  cimstrnetiou  whiqh,  sis  the  architects  say, 
finishes  itself — becau.se,  if  the  exposed  surface  is  destroyed,  the 
material  becomes  a  totiil  ios-s.  It  would  si'eui  that  for  the  exterior 
of  the  structui-e,  walls  well  built  nf  good,  cmunion  brick,  laid  in 
Portland-cement  mortar,  or  else  <»f  reenforcod  concrete,  could  bo 
finished  on  the  outside  with  stucco,  pebblv  dash,  or  some  aiintlar 
materiol.  The  opportunity  for  the  eflfective  use  of  colors  here  would 
Ix?  very  great.  If  the  buildings  were  exposed  to  a  fire,  the  exterior 
finish  would  probably  be  a  total  loss,  but  its  value  in  dollars  and 
cents  is  small.  The  fire  might  even  strip  it  off  and  cause  serious  spall- 
iiig  (o  the  main  wall  underneath,  but,  even  so,  the  operation  of  renew- 
ing llic  finish  would  fur'uish  adequate  repaii's  for  (he  main  wall  itself. 
On  the  other  hand,  if  face  brick  or  stone  or  ornamental  terra  cotta 
be  spalled,  the  loss  is  total;  the  original  finish  can  not  be  renewed, 
except  by  tearing  the  wall  down  and  it'huilding  it.  t)n  the  interior, 
combustible  trim  of  all  kinds  should  Ih'  eliminated  and  marble  or 
stone  finish  should  be  securely  protected  from  the  access  of  fii-e. 
Knameled  bricks  and  enameled  tiles  should  also  he  made  secure 
against  not  only  the  direct  access  of  fire  but  the  elfects  of  high  tem- 
peratures however  applied.  Instead  of  niiii-lile  wall  finish  or  enam- 
eled bricks  or  tiles,  wall  plaster  of  a  gimd  quality.  fiTiished  with 
enamel  paint,  furnishes  a  perfectly  satisfactory  substitute,  so  far 
as  utility  and  sanitary  qiudities  are  concerned.  If  sucli  finish  is 
destroyed  by  fire,  its  renewal  is  a  matter  of  relatively  small  cost. 

All  interior  partitions  should  be  so  solidly  coiistnicted  that  there 

would  be  no  question  whatever  of  a  liiv  ever  g!'ttiiig  through  them. 

That  ought  to  Im^  al)solutcly  impossible.     Stairways,  stairway  halls, 

and  other  places  where  elevator  grills,  oruamontal  balustrades,  etc., 

_  mi^t  j>e  used  should  be  so  locateH  that  no  fire  would  ever  get  into 

>i        .ntelv  free  o(  e«w\i\\f.\;^^ii  w 
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of  all  sorts  and  descriptions.  Wooden  floor  finish  should  not  be 
allowed  in  any  portion  of  the  building.  All  doors,  door  frames,  Trin- 
dow  frames,  and  window  sash  shoiild  be  of  metal  or  of  wood  covered 
with  metal.  All  important  openings  should  have  doors  on  both  sides 
of  the  Willi,  the  idea  being  to  so  design  the  interior  of  the  building 
that  a  lire  starting  in  any  one  room  could  be  left  to  bum  itself  out 
not  only  without  lioing  communicated  to  other  rooms  or  to  the  corri- 
dors, bnt  nl.so  without  causing  iiny  great  money  loss  to  (he  building 
itself  in  the  room  cir  rooms  where  the  fire  occurs.  Tlie  interior  con- 
struction of  the  building  sliould  be  such  that,  ^lould  a  fire  by  any 
chance  be  introduced  from  the  outside,  it  could  be  confined  absolutely 
to  .the  room  or  rooms  to  which  it  finds  access.  Such  a  thing  as  a 
conflagration  sweeping  through  a  building  can  be  made  impossible 
at  i-ens<mable  exiK'use,  providetl  umiecessary  architectural  finish  is 
omitted  and  the  money  ordinarily  expended  on  it  is  applied  to  olher 
things. 

pA'on  such  a  building,  however,  might  have  a  shutter  left  pai'tly 
o|wn,  or  some  other  of  the  various  fire-i-esi sting  devices  might  l>e  left 
in  such  conilition  as  to  defeat  the  purpose  for  which  it  was  installed: 
so  that  if  tjie  building  contains  a  large  amount  of  combustible  con- 
tents, it  should  still  l>e  provided  with  sprinklers.  The  municipal 
water  supply  should  Ix'  under  sufficient  pressure  to  supply  the 
sprinkler  system.  In  a  city  like  San  Francisco  an  artesian  well  and 
fire  jHimp  in  each  building  should  be  provided  for  the  same  puri>ose. 
if  possible.  Even  then.  i£  there  is  a  conflagration  raging,  the  me- 
chtinical  staff  of  the  Iniilding  and   as  nuiiiy   umre  men  as  can   l)0 
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iBtin^  bnildinf;  h,  in  oue  tw-nse,  exactly  analogous  to  h 
fortUicHtion — it  needs  a  pnnison  to  iiinke  it  thoroughly  effective. 
There  is  this  difference,  however,  that  a  lire -resisting  building  ctiri 
be  made  ho  effective  in  itself  that  a  relatively  small  garrison  can 
save  it.  In  my  judgment,  a  building  thoroughly  well  constructed 
along  tbe  lines  indicated  in  this  ivport  would  stand  in  a  conflagration 
sucli  as  tliat  which  occurred  in  San  Franeisco,  preserve  its  contents, 
and  suffer  a  loss  to  it**  own  .structure  and  finish  not  exceeding  15  per 
cent.     Until   a   resulL   approximating   this   degree   of  endurance   is 

L  achieved,  it  is  hardly  fair  to  say  that  the  "'  modern  lire-i-esisting  build- 
ing "  is  a  success,  except  in  so  far  us  it  enables  a  sufficiently  tall  struc- 

^  ture  to  be  erected  on  a  piece  of  valuable  real  estate  to  furnish  an 
ade»]uate  return  for  the  entire  investment,  and  even  this  statement  is 
true  only  as  long  as  the  building  does  not  happen  to  be  attacked  by 
a  conflii  grit t  ion, 

EAHTIIQl'AKE   ISSlIBAXrE. 

It  would  seem  that  in  a  phice  like  t^iin  Knincisn'o  it  would  l«>  sound 
pi>licy  for  the  business  men  In  fonn  ii  muluiil  wirtJHiuakt'  insurance 
company  on  lines  similar  to  those  uf  the  mutual  fire  insurance  com- 
panie.s.  They  should  employ  competenl  experts  to  draft  speciflca- 
tioiiK  and  evolve  types  of  designs  not  in  conflict  with  the  municipal 
urriinunccs  for  buildings  specially  planned  to  resist  earthquake.  To 
be  admitted  tu  tbe  Ijenefits  of  the  mutual  earthquake  insurance  com- 
pany an  owner  should  be  i-equired  to  ponform  to  the  standard  plnns 
and  specifications.  In  my  judgment,  there  is  every  reason  to  believe 
that  such  an  enterprise  could  \k  made  successful  and  that  it  would 
result  in  having  available  at  all  times  a  fund  for  making  good  any 
earthquake  damage.  It  is  probiible  that  the  pivmiums  tliat  would 
have  to  be  charged  by  such  a  mutual  insurance  company  would  be 
found  to  be  no  greater  than  those  that  are  charged  for  fire  risks 
in  large  cities. 

SUMMARY. 

It  will  l)e  apparent  that  nuich  of  the  iiiforination  presented  in  a 
report  like  this  one  is  necessarily  hearsay.  So  far  as  the  history  of 
the  fire  is  concerned,  this  iiidctinilenos-  can  not  Im'  avoided,  and  the 
details  of  the  damage  itself  could  be  verified  only  by  a  prolonged 
stay  in  the  ruined  city  and  a  close  ius])cction  of  tJic  ruins  of  every 
building  at  every  stage  of  the  process  of  cleaning  up.  Il  is  to  be 
hoped  that  tbe  technical  men  engaged  on  this  work  will  keep  a  com- 
plete and  accurate  record  of  all  details  of  evt-vy  sort,  which  will  be 
available  for  future  reference.  It  is  l>elieved.  however,  Ibat  euongb 
evidence  was  collected  at  first  hand  to  abundantly  justify  every  con- 
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elusion  and  broad  Rtalonient  contained  in  this  report.  The  only  doubt 
in  my  mind  is  whether  the  damage  may  not  have  been  really  greater 
than  it  appears. 

Extreme  caution  slioiild  be  observed  in  drawing  general  conclu- 
sions from  any  individual  case  of  damage  in  a  great  conflagration. 
For  instance,  the  way  in  which  misleading  conclusions  can  readily 
be  reached  is  indicated  in  the  discussion  of  the  relative  merits  of  terra 
cotta  and  concrete  for  fireproof  floor  construction.  The  records  of  the 
fire,  rightly  read,  would  prove  that  both  concrete  and  burned  clay  nre 
efficient  as  materials,  but  that  the  method  of  application  of  both  is 
open  to  severe  criticism.  That  hasty  and  ill-founded  conclusions 
have  been  reache<l  is  only  too  evident  from  the  articles  which  have 
appeared  since  the  San  Francisco  disaster. 

It  is  also  necessary  that  extreme  caution  sliould  be  observed  in 
drawing  conclusions  in  regard  to  the  effect  of  the  earthquake.  Reen- 
forced  concrete  proved  itself  suijorior  to  brickwork  l)eyond  any  doubt. 
There  is  every  reason  to  believe  that  for  buildings  of  moderate  height 
reenforced  concrete  am  be  so  designed  that  it  will  be  quite  as  effi- 
cient as  a  steel  frame;  but  it  sliould  l>e  remembered  that  this  propo- 
sition was  not  proved,  liecause  thert>  was  no  reenforced -concrete  build- 
ing of  considerable  height  in  the  entire  district  affected.  Again,  the 
fact  that  steel  frames  stood  up  during  the  earthquake  does  not  prove 
that  they  are  earthquake  proof.  Tlie  framing  of  the  tower  of  the 
Union  Ferry  Building  suffered  almost  fatal  damage,  yet  it  stood  up. 
Tlie  Call  Building  pi-oved  the  efficiency  of  stiff  and  adequate  steel 
bracing;  but  manv  of  the  other  commercial  steel -skeleton  buildings 
show^l  very  rleiu'lv  the  need  of  it.     The  fa.'t  lh»t  some  uf  the        ' 
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TIIK   KAKTUQUAKE. 


GEOLOGIC  FEATURES. 


On  the  morning  o£  April  IS,  li)Oi;,  t-Hitrul  California  experienced 
an  earthquake,  tlif  most  severe,  as  nieasuri'd  by  its  results,  in  the  his- 
tory of  the  State.  The  seismograph  in  the  nbservatory  of  the  Uni- 
versity of  Caljforniu,  at  Kerkeley.  rpconled  llie  shock  »«  beginning 
at  5  hours  12  minutes  ti  seconds  a.  m..  Pacific  standard  time,  and  as 
lasting  for  one  minute  and  lire  seconds.  Its  soverity  wns  afterwards 
cctimated  and  rated  as  IX  in  the  Rossi-Forel  scale  of  earthqiialco 
intensities.  Other  minor  shocks  followed  immediately  and  at  short 
intervals,  so  that  liefore  7  p.  m.  of  the  same  day  thirty-one  of  the.'M 
had  been  registered  at  the  observatory.  Slight  shocks,  coming  suc- 
cessively after  longer  and  longer  intervals  of  lime,  were  experienced 
during  several  weeks  following,  until  finally  the  earth's  crust  in  Cali- 
fornia seemed  to  have  readjusted  itself  to  new  conditions  of  preBsure 
and  equilibrium.  The  material  damage  from  the  earth  tremors  Wfts 
inflicted  by  the  first  great  shock.  The  minor  ones  following  wrought 
no  injury,  except  to  throw  down  a  few  tottering  walls  that  had  been 
racked  by  the  original  earthquake. 

For  many  years  the  leading  geologists  in  California  have  known 
that  a  rift,  or  line  of  dislocation  in  the  earth's  crust — called  in  com- 
mon parlance  an  "earthquake  <rack  " — starling  near  Point  Arena, 
extends  in  a  straight  line,  at  least  40(1  miles  in  length,  in  a  direction 
S.  35°  E,  (fig.  1,  p.  3).  Passing  under  ihc  ocean  bed  8  miles  west 
of  the  Golden  Gate,  the  rift  cuts  the  shore  again  at  Mussel  Rock,  runs 
along  the  reservoir  basins  of  the  Spring  Valley  Water  Company  and 
over  the  Coast  Range  of  mountains,  igncu'liig  surface  topography  in 
its  course,  and  extends  at  least  to  Mount  Piiio-^.  in  Ventura  County, 
and  probably  still  farther  to  Lake  Elslnore.  in  suuthcni  California, 
This  great  "  fault  "  gives  abundant  geologic  evidence  of  having  been, 
in  the  remote  past^  the  locus  of  many  distinct  earthquake  movements 
and  distarbaiices. 

"SSR. 
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It  was  a  ruptiii-0  iiiiii  ^^lip  »loii$;  this  fault,  plainly  evident  for 
nearly  200  miles,  that  sliook  .-^o  violently  the  thousands  of  square 
miU's  of  the  earth's  siiifuce  in  central  California.  The  first  snap  and 
movement  of  the  crnst  wen-  registeivd  at  the  observatory  of  the 
State  Univei-sity  as  proceeding  from  south -southeast  to  north-north- 
west, or  alxMit  parallel  to  the  fault.  This  movement  was  there  re- 
corded as  (tver  'A  Indies  liorizoiitally.  and  was  aecutuplished.  as  esti- 
mated h}'  the  California  earthquake  investigation  commission,  in  one 
second  of  time.  The  vertical  movement  at  the  same  place  and  time 
was  l>plieved  to  Ixr  almnt  1  inch.  Profes-sor  Omori,  the  distinguished 
Japanese  seismoloftisl.  also  estimated  the  vibration  in  San  Francisco 
to  be  H  inches  in  one  second. 

Instantly  following  this  lir.st  snap  weiv  rel>ounds,  reactions,  and 
terranean  iX'veriK-iations  from  all  jjaris  of  the  gi"eatly  disturbctl  area 
on  either  side  of  the  fault  trace,  which  niiiile  the  record  on  the  seis- 
niogra|)li  resemble  a  tiingJed  spider's  well.  It  was  this  part  of  , the 
eai'thqnake — the  temblors— Ihat  civaled  and  continued  the  racking 
vibrations,  the  twistings,  unil  the  wivneliings  that  brought  down 
chimneys,  walls,  and  lowei-s, 

MemlHTs  of  the  California  enrthqnake  investigation  commis-sion 
advanced  the  Ix'Hef  that  the  tii->;t  bi-ejik.  slip,  and  shock  in  the  crust 
l«'gan  iit  the  northwest  e.xtremity  of  the  fault  trace,  and  that  frora 
Ihis  jjoint  the  rupture  and  shearing  extended  jn-ogressively  toward 
the  southeast.  This  view  seems  to  lie  borne  out  by  later  investi- 
gations, and  certainly  the  greatest  disliirbances  on  the  line  of  the 
fanlt  wei*e  at  and  near  its  nortliern  exlivmity.  The  earthquake  was 
felt  to  a  greater  ur  les^  degree  over  a  va»l  c.Mciit  nf  lerrdory,  stn-lch- 
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twisted,  aud  thrown  down  {PI.  X,  li);  fissures  were  opened  in  the 
earth  (Pis,  III,  IV)  ;  trees  were  uprooted  and  thrown  to  the  ground, 
or  snapped  off,  leaving  their  ^iimps  in  a  standing  position,  or  split 
from  the  ground  up  through  the  stock  to  the  branches  (PI.  II). 
Hoads  were  ruined  for  long  distances,  bridges  were  tlirown  otT  their 
abutments  (PI,  XI,  .1),  and  water  pipes  wei-e  twisted,  telescoped, 
collapsed,  or  broken  {Pis.  IX;  X,  ,.1).  Along  the  seashore  immense  .. 
landslide's  occurred,  throwing  vast  quantities  of  earth  ami  rock  into' 
the  sea.     (See  also  Pi.  VIII.  B.) 

The  main  pipe  lines  of  the  Spring  Valley  Water  Company,  which 
were  depended  on  exclusively  to  supply  the  city  of  San  Francisco 
with  water,  as  well  as  the  distribution  system  of  this  company  in 
the  city,  were  broken  in  many  places,  and  the  supply  of  water  was 
absolutely  cut  off  for  a  number  of  days  after  the  earthquake  (map 
PI,  LVI).  The  great  mains  leading  from  Pilarcitos,  San  Andreas, 
and  Crystal  Springs  lakes  were  all  badly  broken  (PI.  LVII).  The 
Pilarcitos  conduit  in  particular,  which  ran  almost  along  the  fault 
trace,  was  completely  mined  and  rendered  unfit  for  repair  (PI.  IX). 
The  great  44-inch  water  main  crossing  the  San  Brnno  marsli  was 
thrown  down  from  its  supporting  trestles  in  a  serpentirw;  line,  and  , 
broken  in  several  places.  . 

As  the  distance  from  the  fault  trace  increased,  the  violence  of  the  i 
disturbance  in  a  general  way  diminished,  but  this  statement  must 
be  modified  by  saying  that  in  cities  and  towns  built  upon  the  alluvial 
soil  of  valleys  the  destruction  was  at  its  greatest,  as.  for  instance,  at 
Santa  Rosa,  about  -JO  miles  east  of  the  fault  trace,  in  the  Sonoma 
Valley  (Pis.  XIV.  li;  XVII,  .1).  This  city,  built  upon  a  deep, 
alluvial  soil,  was  more  severely  shaken  and  suffered  givater  damage, 
in  proportion  to  its  size,  than  any  other  town  in  the  State.  Scarcely 
a  brick  or  stone  building  in  the  town  was  left  standing,  and  80 
people  were  killed. 

S()[I.    FOUMATION, 

The  destruction  wrought  by  the  earthquake  amounted  to  little  or 
nothing  in  well-built  structures  resting  upon  solid  nick,  and,  all 
other  things  being  equal,  increased  in  pnqMirlion  to  Ihe  depth  and 
incoherent  qualify  of  tiie  foniuhition  soil.  Thus  dwellings  in  Ber- 
keley, upon  the  solid  r<n'k,  were  scarcely  disturhc.I,  while  those  on 
the  level  plain  of  Oakhind.  4  miles  distant,  were  srvi'rcly  ^-liaken  and 
injured,  as.  also,  were  the  l.tiihlings  at  Lcland  Stanfiml  .Titni.u-  Tni- 
vei-sity  (Pis.  XIV.  .1.-  XV;  XVI:  XVU.  //.-  WIIU.  7  miles  dis- 
tant from  the  fault  trace:  at  San  ,Tos<'  (Pis.  XII,  /.'.-  XIII.  /;).  13 
miles  distant;  and  at  Agnew  (PI.  XIII.  .1),  12  miles  distant.  The 
town  of  Salinas  and  the  alluvial  valley  of  Salinas  River  were  also 
severely  shaken.    This  region  was  fissured  and  di^va\K^  'nv<n«.  'Coax^  ^ 
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In  order  to  get  a  fair  iiiulerstaiiding  of  the  effects  of  the  earth- 
quake ill  San  Fi-ancisco,  u  knowledge  of  the  geologic  formation  and 
the  different  .soils  constituting  (he  foundations  of  structures  is  neces- 
sary. The  city  and  county  of  San  Francisco  comprise  the  northern 
extremity  of  a  long,  narrow  peninsula,  lying  south  of  the  Golden 
Gate,  between  the  Pacific  Ocean  on  the  west  and  the  southern  half 
of  San  Francisco  Bay  on  the  east.  (See  map,  PI.  LVII.)  The 
boundary  line  between  this  county  and  San  Mateo  County  lies  about 
8  miles  south  of  the  (iolden  (latc.  The  area  of  San  Francisco  County 
is  40^  square  miles.  The  population  of  the  city  on  April  1,  1906, 
was  estimated  to  l»e  460.000. 

The  site  of  tlie  city  has  at  least  four  different  soil  formations. 
Around  the  Hay  of  San  Francisco,  from  Telegraph  Hill  to  Mission 
Creek,  which  runs  fnini  west  to  east  and  empties  into  the  bay,  and 
on  both  shores  of  the  creek  is  a  strip  which  was  originally  mud 
flats  and  overflowed  binds,  having  an  area  of  about  354  acres.  These 
tracts  have  l>een  gradually  filled  in  (especially  on  the  bay  shore 
and  the  northern  Mission  Creek  sides),  since  the  days  of  the  Ameri- 
can occupation,  by  encroachments  on  the  water  front,  due  to  business 
tiiid  commercial  pressure,  and  wharves  and  docks,  warehouses,  fac- 
tories, nianufiicturing  establishments,  and  large  wholesale  houses 
have  lieen  biiiit  on  these  filled-in  lands.  At  the  present  time  these 
large  areas  are  for  the  nitt«t  part  included  within  the  sea  walls  run- 
ning around  the  officially  establislied  water  fi-ont  nearly  as  far  as 
Mi>sion  Crw^k.  Tbev  are  known  as  "made  lands,"  and  consist  of 
deep  layers  of  mud.  in  many  places  saturate<l  with  salt  water,  and 
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the  city  are  closely  built  iiisiileuLi;  tlistricts,  and  tlie  areas  toward  the 
Pacific  Ocean  are  covered  with  (MttagBs,  more  and  imirc  spnri*iy 
placed,  to  the  boundaries  of  the  county. 

Adjoining  (he  business  district  on  the  southwest  side,  along  Mis- 
sion Creek,  on  the  flat  sand  lots,  was  anothor  thickly  populated 
residence  section  known  as  "south  of  Market  street."  It  was  occu- 
pied almost  exclusively  by  wooden  buildings. 

More  than  !tO  per  cent  of  the  buildings  in  San  Francisco  were  of 
wood.  Almast  all  the  brick,  stone,  and  steel  structures  were  ia  Iho 
congested  business  portions  of  the  city,  upon  or  very  near  the  made 
land.  Even  in  this  district  there  was  a  large  percentage  of  wooden 
buildings.  High  steel  .structures  of  the  most  modem  type  have 
been  erected  only  recently  in  San  Francisco,  and  the  number  of  them 
is  small,  not  exceeding  50. 

The  most  destructive  effects  of  the  eartliqiiake  in  Sau  Francisco 
were  exiw^rieuccd  upon  this  made  land.  \Mierever  buildings  wera 
well  founded  on  wooden  piles  deeply  driven  into  the  mud — as,  for 
example,  the  Union  Ferry  Iliiilding — these  fuiiridutions  were  dis- 
turbed but  little  or  not  at  all ;  and  where  the  supei-structiire  had  been 
well  and  strongly  put  up,  practically  no  damage  resulted.  Only  in 
poor  foundations  laid  direclly  upon  "filled-in"  ground  on  the  raft  I 
principle,  or  in  buildings  that  were  pcwrly  ctnistructed  or  under- 
pinned or  had  a  we^ik  fi-ame,  poor  brickwork,  or  brick  laid  dry  in 
poor  lime  mortar,  was  there  serious  damage  or  collapse. 

The  ITnion  Ferry  Building  (PI.  XLVI,  .1),  with  the  exception  of 
its  high  tower,  was  little  injui-ed,  and  the  level  of  its  floors  was  not 
perceptibly  changed.  At  the  same  time,  the  streets  at  its  front,  which 
rested  simply  on  the  made  soil,  were  rolled  into  waves  3  or  -i  feet  in 
height.  So  far  as  the  writer  is  aware  no  foundations  that  had  been 
properly  establi.'^hed  were  in  any  considerable  degree  injured  by  the 
earthquake;  nor  was  any  .^itructui-e  of  brick  or  stone,  iron  or  steel, 
that  was  well  designed  and  constructwl,  greatly  damaged.  Some 
chimneys  and  cornic'cs  were  thrown  down,  Imt  initil  the  fire  had 
passed  over  the  region  the  structures  i-euniined  ready  for  use.  This 
statement  applies  especially  to  the  wooden-frame  structures  through- 
out the  residence  part  of  tlie  city,  wliorc  Ihe  only  losses  were  those  of 
chimneys  and  plaster. 

On  the  made  land  in  the  business  portion  of  llie  cily  (here  had 
been  erected  in  ciirly  days  many  light  nnodcTi  builiiings,  which 
rested  on  simple  timber  underpinning  founded  on  the  filied-in  mate- 
rial. Many  of  these  structures  collapsed,  but  this  result  was  due  to 
Iheir  imperfect  foundations  and  weak  construction  rather  than  to  the 
severity  of  the  earthquake.  Xiunerous  structures  in  thLs  district 
__hgd  been  built  of  dry  brick  or  stone  laid  in  common  lime  mortar,  ^ 
c       iins  l\ai  uo\.  \>cct\  ■a.VLi^Qo^tft.  ^ 
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walls.  Such  walls  commonly  collapsed,  and  the  brick  were  found 
afterwards  with  dry,  clean  surfaces,  the  mortar  having  no  adhesion. 
(See  PI.  XXI,  A.)  On  the  other  hand,  walls  that  bad  been  laid 
in  Portland-cement  mortar,  with  brick  thoroughly  wetted  and  all 
parts  well  bonded  together,  stood  the  (rial  perfectly  and  are  stand- 
ing to-day. 

Tall,  steel-frame,  stone-exterior  office  buildings  of  the  class  A  type 
that  were  founded  either  on  well-driven  piles  or  on  concrete  slabs 
Kuffcred  no  very  serious  injury  by  the  earthquake.  With  the  excep- 
tion of  a  crack  here  and  there  in  a  stone  pier,  arch,  or  stairway,  or  a 
block  of  Acneer  loosened  or  dropped  from  a  front,  they  remained 
entii-ely  servict^able,  so  far  as  the  earthquake  effect  was  concerned. 
An  excellent  example  of  this  class  of  buildings,  and  one  that  is 
exceedingly  instructive,  as  it  passed  through  the  earthquake  but 
escaped  the  fii-e  that  ravaged  San  Francisco,  is  the  Union  Savings 
Bank,  in  Oakland,  at  the  corner  of  Broadway  and  Thirteenth  street. 
This  building  is  a  steel-frame,  stone -veneered  structure,  having  11 
stories  and  a  basement.  Tt  is  founded  ujwn  separate  concrete  blocks 
and  piers  which  rest  upon  a  strong  soil  of  mixed  sand  and  clay.  This 
structure  was  practically  uninjured. 

Buildings  in  San  Francisco  which  rested  upon  foundations  of  sand 
in  natural  place  were  not  injured  by  the  shock,  except  where  the  sand 
was  on  a  hillside  or  had  opportunity  to  spread  and  flow.  In  such 
places  buildings  of  either  niiisonrj'  or  wowl  were  badly  shaken. 
Where  the  buildings  rested  upon  good,  hard  soil,  as  on  the  hillsides 
or  summits,  practically  no  injury  was  done  with  the  exception  of  the 
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The  death  of  Mr.  Sullivan,  the  chief  of  the  fire  department,  whidi 
was  caused  by  the  frilling  of  a  mass  of  brick  from  a  ctiimney  while 
he  lay  ill  in  bed.  was  a  most  unfortunate  accident,  as  the  city  was 
thereby  deprived  of  his  excellent  knowledge  and  skill  as  a  fire  fighter. 
The  fire  department,  although  it  responded  promptly  to  the  calls 
and  was  composed  of  brave  and  efficient  men,  with  excellent  appara- 
tns,  was  disconcerted  by  the  loss  of  its  chief  and  paralyzed  in  ita 
action  by  the  almost  complete  rupture  and  disintegration  of  the 
water  system.  The  city  mains  were  so  thorouglily  broken  that  in  a 
short  time  not  only  could  no  water  l>e  obtained  for  the  extingui^- 
ment  of  fires,  but  for  a  number  of  days  little  water  could  be  had  for 
domestic  use,  and  the  i>eop]e  were  coni])eIled  to  rely  on  a  few  wells 
that  remained  available. 

In  private  dwellings  incipient  fires  were  quickly  e.Ktinguiahed  by 
individual  effort ;  but,  because  of  the  early  hour,  the  fires  which  started 
in  the  great  downtown  business  houses,  factories,  etc,  "south  of 
Market  street,"  grew  to  alarming  proportions  Insfore  anyone  could 
reach  and  conquer  them.  With  the  exception  of  the  private  water 
supplies,  such  as  wells  (see  map,  PI.  LVI),  pumping  systems,  etc,  [los- 
sessed  by  a  few  establishments,  there  were  no  means  of  extinguishmeiiL 
Within  three  hours  after  the  earthquake  nine  fires  were  in  full  con- 
fingration  between  "  The  Mission  "  ■  and  the  wafer  front  south  of 
Market  street.  At  first  there  was  little  or  no  wind  to  fun  the  ilames, 
but  the  great  heat  soon  drew  in  a  current  of  air  which  continually 
increased,  and,  var^'ing  from  one  point  to  another,  swept  the  flames 
first  in  this  direction  and  Ihen  in  that.  By  Wediiesdiiy  noon  the 
fire  had  consumed  nearly  ii  square  mile  of  the  city  on  the  south  aide 
of  Market  street,  and  on  the  afternoon  of  (he  same  ddv  il  broke  across 
to  the  north  side,  in  the  vicinity  of  the  high  steel  Call  (Claus  Spreck- 
els),  Examiner,  and  Chronicle  buildings.  Thence  the  fire  veered 
with  the  wind,  burning  northward  and  Avestwnnl  tlirough  China- 
town, and  joined  its  destructive  enorgj'  with  thiit  of  a  separate  col- 
umn of  fire  that  had  swept  up  from  Ihc  lower  end  of  Market  street 
and  the  water  front.  The  colunm.  driven  liy  the  wind,  ate  its  way 
rapidly  through  the  rt'i-i deuce  porlioii  of  (he  city,  which  was  built 
of  wood  and  hence  was  consumed  like  tinder.  Tlirce  hours  after  the 
conflagration  hud  bejrini  ii  corjis  of  ilyiiiimitei-s  was  organized,  but  as 
no  such  body  had  existed  in  tbc  fii-e  d('|)iirtnipiit,  it  was  necessarily 
composed  of  volunteers  mid  anuiteurs.  Thcst>  men  fought  the  flames 
with  great  bravery,  but  witli  little  sldll,  ;uid  thoir  cnd.-avors  to  arrest 
the  progress  of  tlie  fin;  liy  (browing  slnictun-  <lo\vn  in  its  path  were 

-■■The  MlsBlfin''  Is  11  «ei|.knoKn  Iwniltj  In  Uif  <lty  of  San  Krnnds,".  It  Is  the  site 
n(  tho  orlRloa)  •etUernvnl  unci  miaalciD  establiBhed  bj  the  Fronriwan  nmnkn.  and  the  old 
UlMlon  Cbgrch  aim  Hlands  tbece  (PI.  XXMI.  B},  aa  the  Are  WM  cbeckcd  a[  tbti  point 
llMt  It  lilt*  to  WW  IL 
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futile  until  late  on  Thursday  night,  after  a  dynamite  expert  had 
been  put  in  charge.  A  la.st  stand  was  made  in  the  western  part  of 
the  city,  at  the  broad  and  open  street,  Van  Ness  avenue.  Here  the 
dynamiters,  aided  by  the  shifting  of  the  wind  to  the  west,  were  able 
to  stay  the  progress  of  the  fire.  Everything  in  the  Mission  district 
had  been  burned,  except  at  places  where  the  flames  were  checked  by 
means  of  private  water  supplies.  Although  comparatively  feeble, 
the  fire  continued  in  some  parts  of  tlie  desolated  district  until  Satur- 
day morning,  April  22,  when  the  last  blaze  was  extinguished.  The 
wharves  and  a  fringe  of  buildings  along  the  water  front  had  been 
saved  by  means  of  engines  and  State  fire  boats  drawing  water  from 
the  bay. 

The  area  of  the  burned  district  (see  PI.  LVI)  is  4,05  square  miles, 
or  2,593  acres,  and  includes  400  blocks  entirely  burned  and  32  blocks 
partially  burned.  These  blocks  were  in  two  different  classes,  one 
being  the  "  100-vara "  block,"  and  the  other  the  "  50-vara."  Some 
structures  along  Mission  Creek  and  a  few  residences  on  the  summits 
of  Telegraph,  Russian,  and  Clay  Street  hills  (PI.  LIV)  escaped. 
The  mint  and  a  few  other  buildings  were  also  saved  by  means  of 
private  water  supplies. 

Thus  the  greatest  fire  in  the  history  of  the  world  destroyed  more 
than  4  square  miles  of  closely  built  city  property  estimated  at  $500,- 
000,000,  half  of  which  was  insured;  with  the  loss,  it  is  believed,  of 
about  800  human  lives  (though  the  official  count  is  less). 

San  Francisco  was  little  prepared  to  fight  a  conflagration  under 
the  existing  conditions.  Ever  since  the  six  devastating  fires  of  the 
period  from  184!'  lo  1H.'j2  the  jteople  had  evidently  relieil  on  the  exnel- 
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by  the  firp  owe  thpir  desolntioii  for  the  most  part  to  tlioir  environment 
by  these  inflammable  buildings. 

There  was  no  dynamiting  corps  in  the  fire  depftrnient  and  no  ade- 
quate salt-water  system  for  fighting  fires,  although  the  city  was 
almost  surrounded  by  salt  water,  and  there  were  no  fire  boats  be- 
longing to  the  department,  and  few  cisterns  in  the  streets  or  squares. 
Most  nf  the  streets  were  very  narrow,  and  many  of  them  were  lined 
by  high  wooden  buildings.  With  the  water  mains  and  distribution 
system  incaputitnted  l>y  the  earthquake,  it  is  no  wonder  that  the  rity 
burned;  the  only  wonder  is  that  it  had  not  burned  Ix'foro.  This  re- 
sult had  been  prophesied  by  insurance  inspectors  many  months 
prerioiisly. 


The  Coast  Review,  an  insurance  paper,  gives  an  abstract  of  the 
report  and  conclusions  of  the  engineers'  committee  of  the  National 
Board  of  Fire  Underwriters.  This  report  was  juihlished  in  October, 
1905,  many  months  preceding  the  occurrence  of  the  great  fire,  and  is 
epitomized  as  follows: 

The  area  of  San  Francisco  within  the  "  fire  limits  "  was  1.6  square 
miles.  The  "'brick  district"  comprehended  0.95  square  mile,  and 
the  "  congested-value  district  "  0.4J)  square  mile.  The  number  of  fires 
in  tlie  preceding  nine  years  was  moderate,  but  the  average  loss  at  each 
fire  was  two  or  three  time*  the  loss  expected  in  cities  having  ordinary 
fire  protection.  The  water  supply  was  satisfactory  in  many  respect.*?, 
although  the  pressure  (the  average  being  52  pounds)  was  too  low  for 
automatic  sprinkler  equipments,  staiidpipes,  etc.  The  fii-e  hydrants 
were  of  an  old  style,  and  many  water  mains  were  too  small.  There 
were  four  water  services,  varying  for  districts  of  different  levels.  It 
was  stated  that  the  fire  department  was  satisfactory  in  most  respects, 
but  that  tlie  building  laws  were  not  enforcef]  thoi-oughly  and  impar- 
tially.    The  fire-alarm  system  was  criticised  adversely. 

The  "  congested -value  district"  was  bounded  on  the  north  by  a 
mixed  mercantile,  warehouse,  and  dwelling  section;  on  the  west  by  a 
fashionable  boarding-housi',  apartment,  and  residence  district;  on 
the  south  by  a  compactly  built  mixed  district  composed  of  dwellings 
and  manufacturing  and  mercantile  buildings,  and  on  the  east  by  the 
Bay  of  San  Francisco.  This  district  consisted  of  101  blocks,  contain- 
ing 2,080  separate  buildings,  of  which  ±'2  per  cent  were  fireproof, 
68.3  were  joisted  brick,  and  2!)..'>  were  frame  l)ut]dLngs.  Tberts  was 
only  one  sprinkler  equipment  in  the  district,  and  it  was  practically 
oljsoJefe.     Premises  were  generally  clean  and  well  cared  for. 

The  "  potential  hazard  ^  in  the  produco  and  commission  district 
bounded  by  Battery,  Washington,  Dnimm,  and  Commecci.B.1  ■^'c>»te 
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"  conflagration  breeders."  In  regard  to  the  blocks  nortb  of  Market 
street  and  between  Powell  and  Taylor  streets  they  reported:  "This 
section  contains  more  serious  exposures  and  conflagration  breeders 
than  any  other  equal  area  in  the  city."  They  reported  "  frequent 
high  winds."  the  absence  of  modem  protective  devices  generally,  the 
"  probability  featui-e  "  alarmingly  severe,  the  elements  of  a  "  confla- 
gration hazard  "  present  to  a  marked  degree,  and  the  topography 
unfavorable.  In  fact,  "  San  Francisco  has  violated  ail  underwriting 
traditions  and  i>recedents  by  not  burning  up;  that  it  has  not  done 
so  is  largely  due  to  the  vigilance  of  the  fire  department,  which  can 
not  1)0  relied  upon  indefinitely  to  stave  off  the  inevitable." 

This  report  was  locally  regarded  as  very  severe,  and  in  some 
i-espects — for  instance,  when  referring  to  winds,  redwood  lumber,  and 
hilly  topography  being  unfavorable— as  erroneous;  but,  unfortu- 
nately for  San  Francisco,  the  prophecy  has  come  true. 


George  J.  Wellington,  who  was  born  and  reared  in  San  Francsico, 
and  therefore  can  not  Ix!  accused  of  prejudice  against  that  city,  in 
his  report  to  the  British  fire- pre  vent  ion  committee  of  London  in  lOOO, 
savs  among  other  things 

A  elflnre  lit  tlie  dti  from  a  point  of  eminence  sbortly  after  tbe  teaihlor 
linil  sulHidix]  lit  once  disclosed  tlie  fnct  that  San  P'ninclsco  was  doomed.  Col- 
uums  of  tniokp  astendliig  from  flrc-  at  iiinnv  different  iwlnts  made  apparent  a 
roiidltloti  tliiit  no  tire  dijxrtnicnt  In  e\i>'teiKe  <i>iild  cope  with,  on  account  of 
till'  lniiiossllilllt\   of  u->seiiil)MnK  sulhtkht  uppnratus  iit  each  Sre  to  control  It. 
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tton  In  this  rpspect  hfls  led  to  the  u«e  of  iuterlor  materials  and  tUe  eraslon  of 
bulldlDg  laws  nnd  the  underwrilprs'  refxiiuraeiidiitions.  Snn  Frantlscw  poiiBesBeB 
building  laws  In  plenty,  wUk-b  require  eiirorcenient  ratlier  tlmu  alteroUou,  A 
raluable  ndditlon  to  present  onllnam.'eH  would  lie  one  similar  to  ttiat  In  force  ta 
I  Bome  European  countries,  whicb  pt^uullEes  ownprs  for  fires  tliat  escape  from  their 
buildings,  nlTordlug  protertloii  ti)  men  disposed  to  build  n-e11. 


San  Francisco,  as  alreadj'  stateil,  is  liividod  into  three  great  dis- 
tricts. Market  street,  the  great  nrlL-ry  of  ttic  city,  liiO  feet  wide,  ruua 
southwestward  from  the  bay,  and  divides  the  city  into  two  parts — 
first,  a  level  district  on  the  south,  largely  Riled  with  wooden  build- 
ings, factories,  foundries,  lodging  houses,  and  the  like,  but  around 
the  bay  extremity  of  the  street  covered  to  a  considerable  extent  with 
buildings  of  brick,  stone,  or  steel  frame;  second,  the  uneven  and  in 
its  remoter  parts  hilly  district  on  the  north.  This  northerly  portion 
.is  subdivided  by  Van  Ness  sivenue,  which  scpjirales  the  older  resi- 
dence district  from  the  newer  one  on  the  west. 

In  the  older  section  of  llie  city,  between  Market  street  and  Van 
Ness  avenue,  the  streets  had  been  establislied  under  the  old  Spanish, 
system  of  "  100-vara  lots,"  as  they  are  locally  known,  each  hlodc 
containing  about  7G,000  square  feet.  West  of  Van  Ness  avenue  and 
south  of  Market  street,  in  parts  of  the  cily  more  recently  surveyed 
and  built  upon,  the  blocks  are  much  larger,  and — particularly  along 
Market.  Mission,  and  adjacent  streets  to  the  south — were  built  up 
with  very  long  rows  of  buildings,  mpny  of  them  continuous  for 
liundreds  of  feet.  These  blocks  were  so  large  that  it  was  found 
neces.sarj-,  or  at  least  convenient,  to  sulxlivide  many  of  them  by  nar- 
row streets  or  alleys  that  permitted  the  ingress  and  egress  of  carts 
and  drays.  It  was  easy  for  tJie  flames  to  pass  across  these  narrow 
streets,  and  the  heat  was  in  many  places  so  great  that  buildings  on 
the  opposite  side  of  the  sti'eet  were  ignited  by  tlie  heated  air  without 
the  passage  of  any  flames. 

More  than  90  per  cent  of  the  buildings  in  San  Francisco  were  of 
wooden-frame  construction,  and  mmiy  of  the  new.  modern,  and  so- 
called  "tirepnxjf"  buildings  wcit  ^•uirontide<l  by  frame  structures 
of  an  old  type,  anil,  of  course,  were  injured  or  <le<tTOyed  by  their 
combustion.  The  (ire  liiuils  pennitted  llicse  ivcmdcn  structures  to 
approach  rather  closi'  to  the  business  sei'lion:  and  in  tlie  congested 
business  district  at  ji'ast  :10  jier  cent  of  ilii>  Imijilings  weiv  of  frame 
construction,  some  of  theiu  four  oi'  live  ^loric^  in  iH'igbt,  Outside 
of  the  congested  district  many  business  houses  and  almost  all  dwell- 
ings were  frame  structures,  and  except  in  the  outskirts  of  the  city 
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were  closely  built  in  long  rows  extending  over  entire  blocks.  In  the 
bii^unetfs  district  almost  every  separate  structure  was  close  to  its 
neighbors.  Wide,  uncovered  spaces  separating  buildings  were,  as  a 
rule,  confined  to  tlie  outlying  suburbs.  In  the  compactly  built  dis- 
trict of  wooden  structures  a  house  every  three  minutes  was  fre- 
quently the  rate  of  destruction  from  the  fire  during  the  high  wind 
that  prevailed  at  times. 

In  the  congeste<l  business  district  about  75  per  cent  of  the  streets 
were  (>0  feet  wide,  and  a  few  (about  30  per  cent)  were  at  least  80 
feet  wide.  These  streets  offered  very  little  obstruction  to  the  passage 
of  the  flames  or  heated  nir.  luul  it  was  aided  by  tlie  winds  that  were 
caused  largely  by  the  conHagration. 

The  height  limit  as  established  by  the  city  ordinances  was  220  feet 
for  buildings  of  class  A,  100  feet  for  class  B,  82  feet  for  class  C, 
nnd  4.'i  fwt  for  frame  buihiings.  Brick  buildings  with  wooden  joists 
were  therefore  allowed  to  l>e  built  to  a  height  of  eight  stories  if 
furnished  with  wire-lath  and  plaster  ceilings,  thus  affording  the  fire 
admirable  opportunities  for  destruction. 

HKIIAVIOR  OF  STHUCTITHAL  8T>:Et  AHD  8T£KI>FRAME 
nUir^DINtJS  HUB.JKCrED  TO  THK  EARTHQUAKE  AXD 
FIKK. 

EFFECTS  DUE  PRIMARILY  TO  THE  EARTHQUAKE. 

iNTimm  (Tiox. 

Stmcfurnl  steel  ns  a  building  material  and  a3  a  principal  i 


r 


STBUCTUB4L   «TEEL   AND   STKEL-FRAMK    BDILDINOS, 


F("lUXt)ATlUNS. 


i  It  is  believed  that  every  building  whose  fonndations  were  well  and 
'  strongly  estnblislied — upon  deep  piling,  as  the  Union  Ferry  Building 
and  the  Merchants'  Exchange;  with  reen  forced -concrete  slab,  as  the 
'  Call  Bnllding;  upon  separate  concrete  piers  or  grillages  resting  upon 
'  good  i)eds  having  a  uniform  load  per  stiuare  foot,  as  the  Union  Snv- 
I  ings  Bank  in  Oakland;  or  upon  any  other  type  of  excellent  founda- 
|i  tion— «Hcaped  injury  by  the  earthquake  to  the  foundations  Iheniselres, 
i  nor  did  llie  sitjjerstnicture  owe  any  damage  to  inefficiency  in  those 
I     foundations. 

I        The  central  portion  of  California  was  subjected  to  a  severe  earth- 
I    quake  in  1808,  and  has,  on  a  number  of  occasions  since,  been  slightly 
i    shaken  by  earthquake  shoeku.  but  mnny  architects  and  engineers,  and 
I    the  jieople  generally,  had  become  so  accnstomed  to  these  sfiglit  raove- 
I    ments  of  the  earth's  crust  that  tittle  attention  was  paid  to  them,  and, 
so  far  as  the  writer  can  learn,  architects  had  iH'lieved  that  in  estab- 
lishing solid  foundations  for  high  steel  buildings,  with  good  anchor- 
age and  bracing,  adequate  to  take  care  of  extreme  wind  fow-e,  they 
had  BufHciently  guardetl  against  the  effects  of  any  earthquake  vibra- 
tions which  might  occur.    As  a  matter  of  fact,  the  provisions  thus 
made  mem  to  have  Iteen  ample  and  aafp  so  far  as  ifny  disturbatice  of 
the  foundations  or  any  lack  of  support  of  the  superstructure  has 
been    detected.      Notwithstanding   the   severe    vibrations   these   tall 
buildings  have  Wen  called  upon  to  endure,  they  have  remained  plumb 
and  very  slighlly  damaged  by  the  earthquake. 

8TRUCTUEAL-STKEI.    KHAMKS    EXPdSEn    TO    VIHnATORV    MOTION. 

As  stated  by  A.  O.  Ijeuscliner,  secretary  of  the  California  earth- 
quake commission,  and  also  by  Professor  Omori,  the  distinguished 
seismologist  of  Japan,  the  vibratory  motion  in  Berkeley  and  in  San 
Francisco  was  approxinuitely  3  inches  in  ii  horizontal  direction  and 
about  1  inch  vertically,  the  time  of  the  firnt  oscillation  Iwing  one  sec- 
ond. This  is  nndersto«Ml  to  be  Ihe  vibration  on  very  hard  soil  or 
solid  rock.  Where  the  soil  was  softer  and  less  coherent  the  waves 
became  longer  and  llie  movement  simvvr. 

This  vibratory  nurtion  Juid  a  tendency  to  move  llic  foundation  of 
a  high  building  nnd  (lie  biiM-inent  iuimediately  in  c()rm('clioii  with 
it  forward  and  back,  and  ])erliaj)s  to  move  sonic  of  its  cohinins  in 
opposite  directions,  allhough  this  is  not  certain.  At  any  rate,  it 
apparently  had  the  elTcct.  owing  to  ihc  inertia  of  the  mass  of  the 
itpiK'r  pari,  of  tlie  htiilding,  of  l)i'Iitgirig  a  maximum  l)ending  moment 
to  bear  on  the  frame  at  some  poiot  between  the  basement  and  the  top 
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of  tile  building— to  sjjcak  roughly,  somewhere  near  the  middle  sto- 
ries. It  also  seemed  to  have  the  effect  of  prodncing  a  horizontal 
shearing  stress  in  the  frame,  particularly  above  and  near  the  base- 
ment. The  frames  in  these  high  buildings  seemed  to  be  the  most 
severely  wrenched,  and  the  exterior  walls,  stairways,  lining,  etc., 
most  injuriously  cracked  in  the,se  middle  stories.  For  example,  the 
magnificent  eighteen -story  Call  Building  seemed  to  be  well  braced 
against  landing  moment  and  shear,  but  the  eyebars  from  the  tenth 
to  the  sixteenth  floor  and  the  transverse  wind  bracing  are  reported 
to  be  somewhat  buckled,  the  maximum  occurring  on  the  thirteenth 
floor.  The  braces  were  warped  on  all  four  sides  of  the  building, 
and  there  was  also  probably  some  slight  distortion  of  the  steel  frame 
from  the  tenth  to  the  thirteenth  floors.  The  exterior  veneer  of  stone 
i-emained  practically  intact  up  to  the  tenth  floor,  above  which,  up 
to  the  sixteenth,  there  was  an  increasing  amount  of  damage,  some 
of  the  stone  being  considerably  out  of  place.  (See  ahio  p.  146.)  Tlie 
same  thing  practically  can  be  said  of  the  new  Chronicle  Building, 
the  damage  to  the  stonework  of  which  can  be  noted  by  a  close  inspec- 
tion of  PI.  XXX,  li.  The  earthquake  proved  the  absolute  neces- 
sity of  bracing  steel-frame  buildings  with  diagonal  braces,  so  far  as 
the  requirements  of  use  will  allow.  The  Mutual  Savings  Bank  and 
the  Shrevc  and  Atlas  high  sfeel-frame  buildings  have  such  bracing 
and  remained  entirely  plumb  after  the  earthquake.  The  St.  Francis 
Hotel  and  the  Call  Building  were  somewhat  similarly  braced  and 
were  also  k'ft  In  reiisonably  good  condition. 

Some  architectural   authorities  assert  that  wind  bracing  put  in 
lil>erally  foi-  an  allowance  of  30  pounds  pressure  per  square  foot  will 
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MASONRY    W.ILLS    AND    STONEWORK. 

The  stone  exterioi-s  of  all  the  high  steol-frame  buildings  were  to  , 
a  greater  or  less  extent  crucked  or  injured  under  the  action  of  thn 
earthquake.  In  some  placos,  owing  probably  to  imperfect  bond  be- 
tween the  veneer  and  the  steel  frame,  the  stone  veneer  was  displnced 
and  the  walls  were  bulged  outward;  in  others,  blocks  were  thrown 
to  the  ground  and  bricks  or  arch  stones  from  windows  and  other 
exterior  openings  were.  drop[)ed  out  of  place.  This  disintegrating 
effect  had  its  maximum  in  the  intermediate  stories  between  the  top 
and  the  base  of  the  building,  a  very  good  exiunple  bi'ing  the  Union 
Savings  Bank  in  Oakland.  This  fleven-story  steel-frame,  stotie- 
Teneer  structure  gave  op}jortunity  for  careful  and  comprehensive 
study  of  earthquake  effects  independently  of  fire,  since  it  is  really 
the  only  high  steel-frame  structure  in  the  disturbed  area  which  waa 
not  subjected  to  fire.  In  this  building  the  steel  frame  is  intact  and 
uninjured,  so  far  as  can  be  ascertained.  The  marble  veneer  along 
the  stairways  and  corridors  and  the  sandstone  exterior,  particularly 
in  the  fourth,  fifth,  sixth,  and  seventh  stories,  were  somewhat  cracked 
and  disturbed,  indicating  not  only  a  bending  but  a  sliearing  action ;  i 
and  the  brick  in  the  arches  in  some  of  the  windows  in  these  stories  l 
have  dropped  to  the  ground.  Otherwise  the  building  escaped  dam-  "| 
ago,  and  it  has  been  continuously  in  use  since  the  earthquake. 

The  Aronson  Building,  at  Third  and  Mission  streets,  had  stone 
piers  running  from  the  bed  up  to  the  street  level.  These  wore  badly 
wrenched  and  cracked  by  sheer  action,  and  in  the  ninth  story  two 
courses  of  stone  in  the  arches  above  the  soffit  course  were  badly 
cracked,  apparently  for  the  same  reason.  In  the  Call  Building, 
where  the  stonework  ends  at  the  sidewalk  level,  the  corner  piers  were 
not  found  to  be  cracked,  but  in  the  James  Flood  Building  (Pis. 
XXXIII,  B ;  XXXV,  A ) ,  where  the  stonework  extends  to  the  bottom 
of  the  basement,  the  corner  piors  were  crucked  by  earthquake  action.  , 

ItEI.IAItLLlTV    Ot'    STKltTURAI.    STEEL. 

Structural  steel  is  a  very  reliable  malorinl.  It  is  produced  and 
also  placed  in  position  by  high-class  skilled  labor  and  is  not  subject 
to  the  flaws  which  souietinies  appear  in  concrolo  work  as  a  result  of 
poor  quality  of  labor  autl  iiieflicient  ins]H'ctioii,  liuildei-s  in  this 
country  have  had  much  rxporicncv  in  the  use  of  structural  steel,  and 
feel  sure  of  wliat  it  will  do  iind  for  wliat  it  staiul^.  It  is  no  longer 
in  the  experimental  stage  as  to  resistance  oithtT  to  earthquake 
tremoi's  or,  when  properly  fireproofed,  to  conflagration.  Construc- 
tors in  San  Francisco  feel  that  this  material  has  safely  and  trium- 
_i-.-ii..  _„. — 1  through  a  most  *— ^"g  ordeal. 
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EFFECTS  OF  THE  FIRE. 


Sfmctnral  steel  in  the  stwl-frame  hnildings  subjected  to  the  ter- 
rific heat  of  the  great  conflagration  behaved  satisfactorily  wherever 
it  was  proix'rly  and  amply  pi-otected  by  any  method  adopted  for 
firei>roofing.  In  no  instance  tlnit  has  come  under  tlie  observation  of 
the  writer  has  the  steel  been  injnred  or  deformed  where  sncli  fire- 
proofing  was  of  the  proper  kind  and  remained  intact  after  the  earth- 
quake. Unfortunately,  in  iiiuny  places  there  was  practically  no  fire- 
jiroofing  whatever,  or  it  was  very  poor  in  design  or  workmaiLship, 
or  both,  and  as  a  consequence  failed  miserably.  Cohnims  were  soft- 
ened and  buckled,  (iirders  vert;  softened  to  such  a  degree  that  they 
sank  by  flieir  own  weiglit,  some  pulling  after  them  the  walls  into 
which  they  were  built,  others  fulling  into  the  Jiery  furnace  lielow, 
as  in  theCowell  Building  iV\.  LI,  B),  where  the  fii-eproofing  either 
was  lacking  or  pr<»ved  defet^tive  in  the  fire.  In  such  places  the  col- 
unnis  were  buckled  and  wome  of  them  telescoped,  thus  removing  all 
support  for  the  floors  above.  In  other  buildings  where  the  fireproof- 
jng  was  fairly  good  and  effective,  as  in  the  James  Flood  and  the 
Call  buildings,  tlic  structure  remained  ready  for  rehabilitation. 
Although  all  the  steel  girdei's  or  columns  that  were  subjected  to 
infensi-  heat  on  account  of  lack  of  fireproofing  did  not  fall,  yet  many 
of  Hieni  were  renderetl  unfit  for  fiirtlier  use. 

Prominent  among  the  steel  structui-es  was  the  eighteen-story  Call 
Building,   with   dome  and   lantern,  the  architectural   pride  of   the 
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the  fire,  it  ia  being  rapidly  refitted  for  store  and  oflice  occupation. 
The  Western  Pacific  Bunk  reoccii|»ied  its  old  quarters  on  tius  first  ! 
floor  of  this  building  almost  iriinit'cliiitely  after  the  fire,  | 


DEITERAL  OOVOmOSB. 

It  can  be  truthfully  stated  that  iH'rfei-t  fireproofing  of  buildings 
in  San  Francisco,  even  in  tliose  t>f  llie  newest  and  most  modern 
type,  was  the  exception  and  not  the  rule.  Tht*  Irent  or  broksn 
columns  and  the  distorted  or  disfigiired  steel  girders  in  many  of 
the  burned  buildings  demonstrate  this  fact  {PL  XXVII,  B). 
Wherever  struct  oral -steel  framework  was  covered  with  fireproofing 
material  of  the  best  design,  executed  with  conscientious,  skillful 
workmanship,  the  jJteel  remained  uninjured  after  the  fire. 

The  lessons  taught  by  thi'  great  Chiciigo  and  Baltimore  fires  had 
been  applied  by  Init  few  of  the  architects  of  San  Francisco,  on 
account  of  cost  re-itrictioiis  insisted  on  by  owners,  and  very  much 
of  the  damage  infiicted  on  these  high-class  structures  during  the 
"onflagration  is  directly  traceable  to  the  imperfect  fireproofing  put 
in,  op  to  the  entire  absence  of  fireproofing.  Some  of  the  failures  were 
evidently  and  directly  Kttributable  to  poor  workmanship. 


There  are  two  opposing  parties  in  the  matter  of  fireproofing  m 
San  Francisco— ^thost^  who  have  favored  the  hollow-tile  system, 
and  those  who  believe  in  concrete  as  the  best  fireproofing  material. 
The  Bekins  Van  and  Storage  Company's  warehouse,  the  only  build- 
ing of  considerable  size  in  the  city  constructed  of  reeiiforced  con- 
crete, has  already  Ix'en  meiilionod  as  i-esisting  the  action  of  the  earth- 
quake and  fire.  In  this  Ijiiihling  the  concrete  acted  us  a  jjerfect 
firepHHifing  protection  for  tlie  steel. 

Good  Portlaiid-cenienl  <'oiicrete  has  won  a  triinnpli  for  itself  in 
fireproofing  in  San  Francisco,  for  wheiwer  well  niiide  and  properly 
laid  upon  the  steel  girders  or  columns,  it  protected  Ihe  metal.  In 
very  hot  fires  the  exterior  portions  were  disintegnited,  and  in  some 
places  the  whole  mass  w:is  cracked,  necessiiutiiig  removal,  but  the  fire- 
proofing it  furnished  during  llie  conflagration  was  exirelleiit.  Exami- 
nation showed  also  that  it  protected  well  against  rust.  The  heat  to 
which  it  was  subjected  was  very  great,  in  |>lai-i's  <'(iTi]iiHm  mortar 
being  fused  and  ironwork  in  walls  melted. 

The  steel  beams  and  girders  in  the  St.  Francis  Jlolel,  the  Mer- 
chants* Exchange,  the  Mutual  Savings  Bank,  and  other  similar 
stmctjires  that  were  thoroughly  fireproofed  with  concrete  endured 
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The  weight  of  Port  I  im<l -cement  concrete  i.s  a  drawback,  and, 
moreover,  concrete  is  exitensiv*-  when  well  made  and  applied.  Cinder 
foncn'Ie  was  well  esleenied  for  fireprooJing  for  floors,  but  the  scarcity 
of  good  cinders  in  the  city  ivndci-ed  its  general  employment  imprac- 
ticable. 

TCB&A  arrr*. 

As  fireproofing  for  floor;-  lerra-cotta  tiling  has  not  given  tmiversal 
satisfaction.  Il  h  lighter  than  concrete,  but  the  wrenching  of  build- 
ings during  the  earth(|Uiiki.'  opi-ned  many  of  the  joints  and  the  mor- 
tar was  destroyed — as  in  the  Mills  Building,  a  large  ten-story  steel- 
frame  structure  of  the  older  tyiK-.  having  f<;lf-supix)rting  walls.  The 
mortar  joints  in  the  tiling  were  started  by  the  earthquake,  and  the 
mortar  was  di.-^inlegrated  by  the  fire,  the  floors  being  destroyed  and 
the  lower  surfaces  of  the  tiling  badly  spalled.  The  same  effect  was 
noti<^vable  to  a  wrtain  extent  in  the  exi-ellent  Union  Trust.  Crocker, 
and  James  Flooil  buildings.  In  the  last  named  the  flooring  was  fire- 
Iir<K>fed  with  lerra-cotta  arclKil  tiles,  covered  with  concrete  on  top 
ami  6nir-lied  l>eneaih  bv  an  cfiicient  celling  plastered  on  wire  lath. 
Tile  fireproofing  was  less  injured  in  this  building  than  in  almost 
!tny  other. 

Terra-cotla  fireproofing  of  columns  was  in  many  buildingrs  a  fail- 
UH'.  not  so  mu'.'li  on  account  of  the  nature  of  the  material  as  becau^ 
of  its  insufficiency  in  quantity  and  poor  or  imperfect  method  of  appli- 
ciition.  Wooden  studs  were  in  many  places  put  liehind  the  terra 
i-<jtta.  Thes»>  burned  out  quickly,  leaving  the  material  unsupported, 
PijK'S  and  win-s  wert^  run  up  U'twei-u  the  column  and  the  fireproof- 
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r  me^i.  etc..  «as  used  tb«n  with  the  double  wrailping.  But  ereil  tht- 
latter  proved  tn  lie  tiio  wetik  and  diMiitegrable  to  pass  siiccesafuily 
through  a  severe  earlh<]uake  or  a  fir«  and  a  strong  stream  of  watiT 
from  I)  fire  hose.  The  plaster  qnickly  cracks  and  falls  awny  from  the 
metal.  Xo  doubt  these  materiak  will  be  useti  in  the  fnture  by  owners 
demanding  cheapucBS  of  construction,  but  they  will  satisfy  thii 
reqnirements  only  in  cases  iif  mild  exjiosnre.  (lood  gravel  ctmcrete 
in  place  of  the  ])laster.  if  of  considerable  thicknes^s,  has  been  fount]  to 
pve  better  ret'ults. 

The  failure  of  the  plaster  and  metal  method  and  some  other  metli- 
ods  of  Ri^proofing  in  San  Francisco  is  directly  traceable  to  the 
commands  of  owners  to  their  architects  to  cheapen  as  far  as  practi- 
cable the  fireproofing  and  the  construction  generally,  in  order  to 
receive  greater  interest  on  their  investmi'nls.  Much  of  this  cheapen- 
ing has  been  done  in  spite  of  the  protests  of  the  designer,  and  it  is 
in  an  entirely  wrong  (lirection:  for  nites  of  insurance  are.  largely 
reduced  with  improvements  in  firejiroofing.  and  as  the  cost  of  the 
(iteel  frame  and  it>  jirojier  tirepriXJliTig  seldom  exceeds  27  per  cent 
of  the  cotit  of  ihe  l>iiilding.  it  ocenis  wise  to  protect  the  other  73 
percent  with  ude(|uate  ruaterialw. 


In  some  buildings  in  San  FniiiciM'n,  Urick  laid  in  rich  Pnriland- 
cenient  mortar  b«s  been  found  to  Iw  an  excpllent  lii-eproof  covering; 
but  it  is  objwtionable  on  account  of  the  bnlkines^.  of  the  brick  and 
the  niiiting  of  the  steel,  as  in  biisemeut  sloriesi.  ( Jood  brick  \vithslood 
the  severe  fire  well,  and  where  laid  in  rich  ocmenl  atTonled  a  strong 
fireproof  wall  or  pier.     At  least  4  inches  of  brickwork  was  fouud 

ijiecessary,  and  a  layer  nf  concrete  ;i  inches  in  thickness  between  thtt 
and  the  steel  was  a  gieat  improvement  and  served  well  to  protect 
the  steel  from  rust.  But  tliis  method  will  prnbahly  not  he  followed 
ill  general,  on  account  of  weight,  bulk,  iiiid  expense.  Ilolhiw  brick 
and  tiling  were  cllicieut  also  when  properly  and  liberally  used,  porouij 
tiles  proving  to  be  tlu-  bclli'r. 

The  well-known  I'ahicc  Ilnlel  was  liuilt  about  thirty  years  ago, 
a  few  years  after  llie  eiii'l!ii|iiake  nf  isiis,  ami  U'fove  the  introduction 
!  of  s-teel-franie  slructiire^  nnd  concrete  >lecl.  It  was  intended  to  be 
'  earthqnake  proof  »<  well  a-  liifproof.  and  was  built  with  very  heavy 
walls  of  brick.  mo>t  of  ilieui  being  -2  f<>ct  or  itii.n-  in  ibirkness.  laid 
in  cement  mortar,  ami  stmngly  bmced  by  many  ri'..-<  and  partition 
walls.  In  llie  brickwork,  at  every  :i  or  4  fei-t  in  licight.  were  laid 
bands  of  iron,  riveted  togelhcr  al  their  ends  and  crossings.  This 
building,  although  of  the  old  type,  successfully  endured  the  great 
eacdu|Dake,  its  walls  being  practically  uninjured  (Fl.  XXX,  B) ; 


150  THE   SAX    FRASCISCO    EARTHQUAKE   ASD   F!BE. 

anil  althougli  giitteil  l»v  the  lire,  which  gamed  ac-cos  tlirougli  the 
unprotected  window^  and  w<iodeii  ca-inp^.  wa>  so  Ptrong  on  its 
foundations  that  very  vigorous  bhisiing  oiH-rations  wore  required  to 
throw  down  its  walls. 

REESTOBCED  COXCRETE. 

There  was  in  San  Francisco  at  the  time  of  the  earthquake  only  one 
building  of  eon^iitlerable  size  constructed  of  reenforced  concrete. 
This  fact  wa^  due  to  the  opposition  of  certain  labor  unions  to  the  use 
of  this  material  in  place  of  brick  and  stone. 

The  building  referre<l  to  is  that  of  the  Bekins  Van  and  Storage 
Company,  at  1!K)  West  Misision  street  (PI.  XXVII.  .1).  This  build- 
ing had  outside  walls  of  brick,  but  was  massively  constructed  on  the 
interior  with  columns.  beam.s.  and  flooi-s  of  i-eenforced  concrete.  It 
was  ori^nally  intended  to  carri-  it  to  a  height  of  four  stories,  but  on 
account  of  the  eailhquake.  which  occurred  during  construction,  the 
building  was  tinished  to  include  only  tlie  second  storj-.  At  the  time 
of  the  fire  the  permanent  dooi-s  of  iron  were  not  in  place,  and  the 
fiit^  gained  access  to  the  front  or  south  room,  where  veri-  slight  dam- 
age was  inflicted.  The  entire  main  interior  and  the  goods  stored 
thoi-ein  were  unharmed,  and  tlie  i>uilding  has  been  in  continuous 
use  since  completion.  The  lirick  Imildihg  adjoining,  however,  was 
badly  injured  by  the  earthquake  and  was  afterwards  burned. 

LKhiMOSS   FROM   THK   l'ARlOt'8  TTPES  OF   BUIIJ>IN'G8. 

fJreat  <lestructive  earthquakes  have  seldom  occurred  twice  in  the 
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worse,  were  of  very  poor  quality.  In  contrast  to  such  constniution 
I  were  the  United  States  GovernrntTil  buildings — the  miot  anil  the 
appraisers'  (or  customs)  building  (PI.  XXVIII,  ,!).  in  San  Fran- 
I  cisco,  and  the  post-office  building  in  Oakland — all  of  which  were 
either  entirely  uninjured  or  vciy  wlightly  injured  by  the  earthquake. 
These  buildings  wen.'  well  designetl  and  constructed  with  the  I>est 
materials  and  workmanship,  upon  foundations  that  had  Iwen  tested 
and  found  strong  sind  satisfactory.  The  ii'sults  In  both  nf  llit'se 
classes  of  building;^  were  fully  to  be  expected. 

As  a  second  class  of  buildings  that  suffered  badly  may  !«>  grouiMd 
those  of  the  oldest  type  of  wooden  structure  in  San  Francisco,  liglitly 
resting  upon  slim  wooden  nnderpinning,  which  stood  upon  soft  and 
unstable  soil  or  loose,  unconsolidated  sand.  Such  houses  went  down 
at  the  first  shock,  as  one  would  naturally  ex|>ect.  In  contrast  to  these 
flimsy  structures  are  the  thousands  of  more  substantially  constructed 
wooden  buildings  that  still  stand  intact,  e.xcept  as  to  cliimneys  and 
some  plastering,  all  over  the  unbiirned  part  of  the  city.  These 
stnictures  were  built  fairly  well  and  upon  stable  foundations;  and 
the  writer  believes  from  his  personal  observation  that  no  well- 
foundetl  and  well-constructed  buihiing  of  wood  in  San  Francisco 
was  injured  to  a  greater  d^ree  than  those  just  mentioned.  In  A 
country  subject  to  earthquakes  a  strongly  framed  and  well-fonnded 
wooden  house,  not  exceeding  three  stories  in  height,  with  iiondisin- 
tegrating  plaster  and  finish.  light  tile  chimneys,  and  ample  fire  pre- 
vention and  protection,  would  seem  to  l>e  the  ideal  type  of  residence 
structure. 

Experience  shows  that  buildings  constructed  with  exterior  briclt 
walls  laid  in  common  mortar,  with  timber  columns  and  girders,  tied 
and  l>rmn><1  little  or  not  at  all.  constitute  a  third  class  of  buildings 
which  are  nonresistant  to  a  severe  earthquake,  particularly  if  they 
are  erected  upon  a  poor  foundation.  Even  if  the  girders  ami  columns 
are  of  metal,  they  are  pulled  a|)art,  and  the  walls  fall  inward  or  out- 
ward during  the  shock.  Only  rich  Portland  cenieut.  laid  with  wetted 
brick,  and  strong  joists,  ties,  and  anchorage,  endured  the  stress. 

The  behavior  of  the  high  steel-frnme  office  buildings,  which  eon* 
btitnte  the  fourth  class,  has  shown  that  in  order  to  resist  perfectly 
the  liending  moments  and  shears  induced  by  the  swaying  due  to  the 
earthquake  movement,  such  buildings  should  be  stiffened  in  their 
joinlfi  and  connections  by  the  best  rivetingcoiubiiintiotLs.  and  knee  and 
other  itracing.  partii'uhirly  at  or  nwir  the  grimrid  flfnir.  Tlii>  require- 
ment is  of  the  utmost  import ance,  and  sn  iil>o  i-  tlu-  uui'  that  the  sway- 
ing referred  to  should  be  diminished  by  the  liberal  introduction  of 
diaganai  and  wind  bracing  throughout.  The  proper  bracing  in  the 
linrer-flteiita-bM  in  some  buildings  been  omitted,  on  the  demand  of 
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owner  or  les!=eo,  to  afford  mori'  glass  or  light  space,  but  hiicli  design 
has  a  n'eakening  effect,  and  should  be  discouraged.  The  Mnrstou 
Building,  on  Kearney  street,  is  an  object  lesson  in  this  respect.  On 
the  other  hand,  the  Whittell  Building,  on  (teary  street,  near  Union 
square,  is  commended  for  its  <leep  plate  girders  and  heavy  steel 
generally.  It  stood  well,  and  no  rivets  were  sheared.  Colunuis, 
exterior  and  interior,  in  steel-frame  buildings,  should  in  future  be 
put  in  more  liberally  on  the  first  and  second  stories,  and  the  striingesl 
joints  and  eonnections  should  be  adopted  in  order  to  resist  the  tend- 
ing and  shearing.  These  improvements  will  greatly  stiffen  the  steel 
frame,  and  prevent  the  cracking  of  the  walls.  The  Kohl  Building. 
thus  stiffened  by  lattice  girders  on  all  flooi-s.  was  uninjured  in  its 
exterior  stonework  and  brickwork,  althongh  built  n|>on  the  edge  of  the 
made  ground  along  the  old  shoi-e  line.  With  such  strengthening  the 
high  steel  structures  will  .'^afely  endure  an  earthquake  of  even  gi-eater 
severity  than  that  of  April  18.  15)06.  This  kind  of  building  has 
proved  its  worth  and  reliability,  and  minor  improvements,  as  advo- 
cated, will  produce  an  enduring  structure. 

In  a  fifth  class  are  to  Ix-  placed,  but  not  as  failures,  conci'ete  and 
reenforcetl-concrete  structures.  These  have  become  jjopular  with  a 
large  number  of  designers  in  San  Francisco,  on  account  of  the 
strength  claimed  for  them,  and  on  account  of  the  indcs-trnctibility, 
facility  of  construction,  and  fire  and  rust  protection  that  their 
materials  afford.  Unfortunately  for  San  Francisco,  there  were  very 
few  structures  of  concrete  or  reenforced  concrete  in  the  city  at  the  time 
of  her  great  trial;  but  these  few  l)ehavoil  well  during  both  the  earth- 
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tied  and  anchored  togethei-.  Sun  FranciMCoV  fxjiorience  has  proved 
that  this  rule  is  a  most  iniportitiit  one  to  follow  in  nil  brick  mid  stoiiB 
ponstniction,  iiiid  it^  neslect  in  the  pa^it  has  restiiu'd  iii  mudi  loss  and 
ruin. 

FIRE-FlGIITIXfi 


The  dtiinage  inflicted  ou  Sun  Ki'ancincu  t'l-uni  the  direct  Had  iiiima- 
diate  effeciN  of  tlit-  earthquake  was  relatively  hinall.  bt^ing  e^timatsd 
«t  onl^  S  to  10  {>er  cent  of  the  total  loss;  but  ti  siibseqiifiil  and  indirecfb 
effect  WHS  to  paralyze  the  water  supply  and  its  distributing  syst4in> 
start  a  great  conflugrution  and  render  impossible  its  extinguishtneoi 
with  the  means  at  huud,  cause  the  death  of  at  least  tiOO  human  being^, 
bum  approximately  $jOO.OOO.OOO  worth  of  properly,  render  hotue' 
B  and  misenihle  iiOO.Olin  people,  and  inflict  j-emoter  damages  to" 
k  business,  commerce,  and  labor,  only  to  be  estimated  in  the  future^ 
Innsmiich  as  it  can  Ije  plainly  seen,  hy  looking  backward,  that  nearly 
nil  of  this  destruction  and  suffering  might  have  l>een  prevented  by 
wise  foresight  and  provision,  it  is  felt  that  a  warning  nhould  be  sent 
to  all  the  cities  in  the  world.  Any  city  that  dWegards  this  warning 
will  be  guUty  of  a  great  crime. 

San  Francisco  sliould  have  had  separate  and  ample  water  mains 
entering  the  city  ou  several  independent  lines  from  different  sourcea 
I   of  supply,  and  nimiei-ous  distributing  reservoirs  on  the  hills  in  vari- 
ous parts  of  the  city,  always  well  filled,  independent  and  yet  with  4 
distributing  system  meshing  the  entire  area,  with  its  pijje.s  so  jottiedL 
I  or  valved  that  they  could  be  separated  or  united  as  desired.     Thej 
J:^ould  have  been  in  that  city,  almost  suri-omided  by  salt  water,  , 
S}Wparate  system  of  flexible  salt-water  mains  for  fire  and  sewer  pu^.^ 
|hposes,  and  numerous  large  cisterns  in  her  streets,  laid  in  rcenforce^  | 
MjCOncrete,  with  somewhat  flexible  lining  and  pipes.     These  cistern^ 
only  a  few  blocks  apart,  slmnld  have  lx.-en  filled  at  all  times  with  HaSfi 
water.     There  should  liave  been  many  wide  streets — like  Van  X«sg 
avenue,  where  the  fire  was  finally  checkL-d— and  many  large  w^uarc 
'the  city  being  thus  divided  into  numerous  fire  districts.     Tlie 
department  should  have  included  a  dynamiting  corps  of  ctjierienci 
fire  fighters,  and  11  numltcr  of  fire  boats  always  ready  along  tlie 
front  and  among  the  shipping.     Xone  of  these  things  did  San  Fran- 
cisco have.     With  these  means  available,  jirobably  tliis  stoiy  uf  the 
greatest  fire  in  historv  would  never  have  l)een  written. 
!        Of  a  building's  eniire  fire  risk,  that  fn.ni  fire  williin  tlie  building 
I     is  estimated,  on  the  tivenige,  nl  40  per  cent,  llie  olbei'  l>0  per  n-ltl  of 
L.  4b9.{^Ji^uig  4nmi.&!tterior  ^xea^   Xlua  risk  for^t^t^  fires  abuuLd  i 
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be  re(]uce<l  to  a  minimiini  by  ample  pro%'ision  for  fire  prevention. 
As  far  as  practicable,  combustible  material  shouKI  be  eliminated. 
Several  of  the  fine  so-called  fireproof  biiilciiiigs  in  San  Francisco  were 
injured  chiefly  by  the  burning  of  their  wooden  trim,  floors,  doors, 
office  fnniitnre,  papers,  books,  carpets,  rugs,  etc.  Wooden  floors  have 
proved  to  be  dangerous  and  objectionable;  but  in  some  places  noii- 
conibnstible  wood  may  be  nsed  for  them  and  for  the  interior  trim, 
as,  for  example,  where  the  heat  could  never  be  very  great.  Metal 
trim,  doors,  windows,  sash,  and  casings,  together  with  plate  glass,  or, 
l)ettpr.  wire  glass,  may  confine  a  fire  to  a  single  room,  preventing  a 
general  combustion.  Adequate  fire -extinguishing  apparatus — such  as 
fii-e  hose,  always  connected  with  good  water  pressure,  wells  with  auto- 
matic pumps,  and  tanks  in  the  basement  or  upon  the  roof,  with  pipe 
connections — was  lacking  in  nearly  all  of  San  Francisco's  buildings, 
even  in  those  of  the  highest  class.  In  the  California  Electric  Com- 
pany's building  the  standpipes,  with  attached  hose,  the  well.  pump, 
and  tank  in  the  basement,  and  the  roof  tank,  together  with  the  metal 
sash  and  the  wire-glass  windows,  proved  the  value  of  such  n  private 
system,  saving  that  property  from  the  hot  fire  around  it.  though 
every  adjacent  structure  was  burned.  As  this  building  was  not  fire- 
proof, the  value  of  the  fire-extingiiishing  system  can  be  well  under- 
stood, and  had  all  the  large  establishments  l>een  equally  well  equipped 
thi^  conflagration  would  have  l>een  quickly  checked  and  a  vast  amount 
i)f  proiierty  saved.  Automatic  sprinklers  connected  with  the  alxive- 
mentioned  plant  will  afTonl  excellent  fire  protection  within  and  will 
{rivatly  reduce  insurancti  rates. 
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scanty  private  supply  of  wnter.  made  a  despei-ate  and  gnllnnt  fight 
from  the  roof  of  the  building  and  within,  and  saved  it,  liitlr  injured. 
As  most  metallic  shutters  rapidly  deteriorate  with  time,  rust,  and 
weather,  and  often  Ijecome  jammed  r>  that  they  will  not  close,  many 
architects  prefer  wire  glass  in  hollow  metallic  sash  and  window 
sprinklers.     This  combination  has  proved  effective. 

San  Francisco's  experience  indicates  that  wells  and  elevator  shafts, 

running  iip  through  many  stories,  should  Iw  guarded  by  brick  or 

reenforced-eonci-ete   walls,   fitted   with   double   metal   rolling  doors, 

I  bolted  to  the  walls  to  allow  for  expHusion.  or  with  automatic  sliding 

doors  and  wire-glass  partitions.     There  was  little  or  no  provision 

for  cutting  off  the  draft  of  air  that  will  ascend  through  such  a  shaft 

during  a   fire,  and  great  destruction  resulted  in  consequence.     The 

Call  Building  look  fire  from  the  power  house  behind  it,  on  the  other 

Bide  of  Stevenson  street,  the  heat  Ijeing  drawn  through  the  tunnel  to 

the  elevator  shaft,  up  which  it  rushed  with  the  fierce  draft  given  by 

the    18  stories,   lireaking  glass  and    burning  dfiorr-,   furniture,  trim- 

ming>i,  and  office  contents.     The  Telephone  Kuilding.  on  Bush  street 

(PI.  XLI,  A),  met  a  similar  fate,  being  consumed  from  within.     This 

new  structure  was  claimed  to  liave  the  best  fire  protection  in  the  city. 

Tlie  importance  and  value  of  real  protection  will  Iw  appreciated 

Twhen  it  is  stated  that  a*  third-class  building  with  a  complete  fire- 

prevenlion  plant  is  insured  for  less  than  a  first-class  one  that  does 

f   not  have  it.     This  fact  should  be  understood  by  all  owners.     More- 

I    over,  all  parts  of  an  establishment  should  be  etjually  protected,  for 

I    the  fire  may  itegin  anywhere.     The  new  Telephone   Building  was 

I  burned  owing  to  the  nonobservance  of  this  rule,  catching  fire  throu^ 
U  the  unpi-otected  wooden  back  door  of  the  basement.     The  structure 

II  was  fitted  with  '' tin -clad  shutters"  and  wire  glass  on  the  side  and 
Pear  openings  and  with  steel  ixdling  shutters  in  front.  The  fire  broke 
through  the  rear  wooden  door  into  two  well  shafts  and  a  corridor 
and.  rn.shing  upward,  consumed  every  floor.  The  building  was 
destroyed  by  a  fire  that  entered  through  a  single  unprotected  open- 

,  ing-  The  tin-clad  shutters  wei-e  destroyed  and  much  of  the  wire 
glass  was  melted  or  broken  by  the  hot  fire.  The  i-olling  shutters  in 
front  still  hung,  but  were  iH'nt  so  that  the  windows  were  e.xpased. 

Concrete  floors  with  uiclallic-mesh  i-cenforcenienl  are  sti-ongly 
Tecommended  for  strength  and  fireproof  character.  Xoncombiistible 
wooden  floors,  doors,  and  trim  were  instiilled  iii  a  few  buildings,  and 
nnder  ordinary  conditions  would  probably  have  limited  the  de.striic- 
fion  to  "  one-room  fii-es."  hut  the  heat  "a-  >o  liigh.  and  in  general 
the  linlk  of  pajiers.  ijooks.  and  fitrniliiri'  -u  givat,  that  all  were 
consumed.  A  noninflamumble  substitute  for  woodwork  and  trim 
geaertUy  »  iBKHtly  to  be  desired. 
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Double  windows  of  wii-e  glass  in  hollow  metallic  frames  are  recom- 
mended, or  .where  such  muterial  would  l>e  objectionable  by  cutting 
off  the  view,  double  plate  glass  is  considered  nexl  l)e^*t,  Interior 
door.s  should  l)e  of  metal,  or  at  any  rate  nietiil  covered,  in  fireproof 
buildings,  and  the  light  for  corridors  and  halls  should  come  throngh 
wire  glass.  As  tlie  installation  of  wiie  glass,  metiillic  rolling  shnt- 
ters,  and  metal  sash  involves  only  a  small  percentage  of  the  cost  of 
the  building,  and  as  these  materials  have  proved  to  be  of  snch  excel- 
lent service  ks  fire  |)rotection  when  of  the  best  quality  and  workman- 
ship, a  wise  economy  denmnds  their  use  in  every  important  fireproof 
building. 

Capitalists  and  owners  must  understand  that  perfect  fire  pi-otection 
for  structural  steel  is  necessarily  expensive.  Any  so-called  fii-eproof- 
ing  that  is  cheap  and  flimsy  is  a  delusion  and  will  not  serve.  The 
application  of  an  effective  methtHi  insures  permanence  of  the  struc- 
ture and  at  the  same  time  greatly  ivduces  the  rates  of  insurance. 
Steel  columns  may  be  well  fii-ei)roofed  by  surrounding  them  with  the 
l>i'st  quality  of  stone  or  cinder  concrete  4  inches  in  thickness,  or  by 
3  inches  of  either  when  hollow  tiling  is  put  on  the  exterior, 

.\  S-inch  porous  terra-cotta  tiling,  wraj)ped  on  the  outside  with 
wire,  and  with  metal  mesh  used  around  the  In-d  course  of  the  column. 
1ms  proved  efficient.  The  mortar  of  the  tiles  should  contain  a  large 
proportion  of  cement,  and  the  tiles  should  be  strongly  anchored  to  the 
columns  to  prevent  their  falling  ,awBy  in  eailliquake  or  tii-e  and  mi 
leaving  the  steel  exposed. 

In  the  gi-eat  fii-e.  decorations,  trim,  inflammable  oil   paints  and 
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or  «vcii  nitiifW  by  Ilu-  vurth(|u»ke.  owing  t(i  iiinK-rfi'd  iniclmnip^'  iimi 
failure  to  cohere  at  their  joints  (PI,  XVII.  -1). 

Granite.  Miiidstone,  and  marble  weiv  badly  cnicked  and  spjilled  by 

the  fire,  inneh  of  the  marble  a-umbling  to  powder.     The  gi'anite  plera 

in  the  front  of  the  Hobart  Building  weiv  nearly  all  chipijed  awuy, 

and  they  are  now  reenfoi'ced  by  new  temporary  supports. 

I        Chemical  fire  extinguishers  were  effectively  iised  immediately  uftvr 

the  earthquake  in  some  of  the  uptown  residences,  thereby  preventing 

I  an  increase  in  the  minii>er  of  fire  centers  at  the  Ijeginning  of  ths 

E  conflagration.     It   is  possible  that   numerous  chemical  engines  and 

w  locally  ins-tulled  chi-mii-yl  extinguishing  plants  in  the  downtown  disi- 

"  tricts  might  Imve  greiitly  limited  the  si)iv!iil  of  the  flames,  despite 

I  the  dearth  of  water. 
FINAL  <H>Xt'W!Sl<)lS"S. 
EARTHQUAKE   PROTECTION. 
A   proper   foundation.   slabU'   iind    fiiui.    i-   of    vital   importftnec, 
and  jMirticularly  on  soft,  inur.-ihy.  or  made  ground  (Pis.  XLIII.  fi; 

IXLIV,  .1).  Anchoring,  bonding,  and  tying  slionid  be  practiced 
with  exactness  in  all  mn-sonry.  SitsJ  framing  shonUl !»  made  heavier 
rather  than  lighter,  and  joints,  connwtions,  bracing,  and  flooring 
should  Ije  strongly  united.  Oirders  and  columns  should  be  made 
very  stiff  and.  where  practicablu.  continuuus. 

FIRE   PROTECTION. 

1^        The  lessons  tniigbt  by  ihe  great  firew  of  Boston.  Chicago,  and  Bal- 

I  liniore  have  been  verified  iiy  ,San  Francisco's  experience. 

I       Fireproofing  t-hoiild  iie  of  the  mo>-t  perfect  type,  and  no  I'easonable 

|-^expense  tihonld  be  spiired  in  its  installation. 

Roofs,  roof  appurtenances,  and  skylights  ivhonld  be  given  ample- 
protection  against  liics  fniiu  without.  A  great  excels  of  fire  hose 
and- apparatus.  l>eyond  ordinary  needs,  should  lip  available.  ,\  sti-ong 
bond  for  fireproof  tiling,  etc.,  for  both  girder  and  column  protec- 
tion, is  essential.  Protection  for  front  windows,  as  well  us  for  sid« 
iBnd  rear  ones,  is  of  vital  iuiportmice.  (iood  pmlcction  for  steel 
fi-ames  and  steel  roof  lni"C-  in  attics  or  other  I'Xpn-i'd  or  iinusnul 
places  should  bi-  provided.  Liberal  n>v  -hoiild  !>!■  lUiuie  of  liiv  i-eiui-d- 
snt  in  windows,  doors.  Iriiii-onis.  etc.  AVi-e  ,'imiI  lil>cnil  u-i-  of  con- 
crete  and  reenforced  couci-ele  for  girder  iind  chIiuhh  Jiri'iu'ouling  haw 
proved  its  saving  (jiialtly.  Interior  fire  pniliTli.m  :ind  pii'viTitiiin  by 
wells,  pmiips,  sprinklers,  and  water  tank:-  vastly  les-en  tire  risk. 


158  THE    SAS    FRANCISCO    EARTHQUAKK    AXD    FIBE. 

ACKX<>WIjEI>GMKNT8. 

Special  acknowleilgineiit  is  duo  to  the  following  gentlemen,  wlio 
have  courteously  aide<l  in  the  preparation  of  this  paper  with  informa- 
tion and  photographri :  T.  P.  Woodward,  city  engineer  of  San  Fran- 
cisco; Charles  Derleth.  jr.,  asi^ociate  professor  of  civil  engineering  in 
the  University  of  California,  and  secretary  of  the  Structural  Associa- 
tion of  San  Francisco;  A.  O.  Leiiscliner,  professor  of  astronomy. 
University  of  California,  and  member-of  the  California  earthquake 
investigation  commission;  also  Oscar  Maurer,  O.  V.  Lange.  and 
Willard  P.  Worden. 

Thanks  are  also  due  the  Structural  Association  of  San  Francisco, 
the  California  earthquake  investigation  commission,  the  American 
Builder's  Review  and  its- Engineering  Supplement,  and  the  Xew  San 
Francisco  Magazine. 


UST  OF  PAPERS  RELATING  TO  THE  EARTHQUAK 
AND  FIRE. 

AuGBirAN  Society  of  Otii,  Ksoisfcts.  IlPport  nf  ii  si>nernl  (■onimlltec  nnil  nf 
six  siieciiil  ("otiiniittPes  of  llie  Sun  Fr;iin-Ls<i)  iiswcialldii  of  uieiiilnT-i  nf  the 
Amerli^ii  Society  of  l"ivil  Rnsliipei-s.  TIjp  fffwts  of  tlio  Shu  Kr.iiii'isii.  cnrlit- 
dunbe  of  April  18,  lltW!.  on  engineering  constrin-tions :  Am.  St"-,  t'ivll  Eng.. 
Proi'.,  vol.  :a.  no,  S,  jip.  ■JiXt-liai.  31  ills.,  -i  tigf..  Miircli,  liWT.  DiK-usslon  bf 
Rtlwiii  Duryea  and  others :  Idem,  voi.  33,  no,  5.  pp.  ri:iT-M7,  1  pi..  May.  1B07. 

Baukb.  L.  a.  Mngnetogniith  records  of  earllciuakeii.  wltb  sjjeciul  i-efereucc  to 
the  San  Francisw  earthnuake.  April  18.  IIXK!:  TiTrt'strifll  MnKnt'tiwm  and  At 
monpheric  EleetriHty.  vol,  U,  no,  li.  pp,  13.VH4,  2  fles.,  Septeniher.  KKX). 

and  BuiuiA.\K.  J.  E.     The  Snri  Francisd  earihauiike  of  April  18,  1006. 

an  reoordoi]  by   the  Coiifit   and   limiletii-   Strrvfy   juaenrtir  olmen-ntorlra :    Nat. 
(teog.  Mm?.,  vol.  17.  no.  .').  ]>p.  2fiS-:«Hi,  Miiy.  liHMl. 

BRANKEa.  JoHK  C-  The  California  earthqunfce:  movements  nlong  tlio  BnnU 
rnu  fault  line :  Bug.  Xews,  vol.  rJi,  no.  20.  ik  542,  Mny  IT.  1006 ;  I'alo  Altan. 
Mar  1.  100», 

Cabet,  E\EwinT  P,  The  great  fault  o(  Callforiiln  iintl  tUe  Snn  Francisco 
enrtlinuake,  April  la  IBOfi:  Jour.  Gpor..  vol.  5.  no,  7.  T>P-  ^XSKWl,  il  Urs.,  liKHi. 

nisciiKses  the  fanlKng  wliicji  produced  the  Ran  Fraiiciiti'i)  enrthiinake  and  did- 
lilaoenientR  along  tlic  Miic  of  fnii'lnre. 
t 

('I181STV.  S.  B.  Some  lesnons  from  the  [Sau  FrHiifis"i|  carth'iiutUc ;  Jig.  and 
Sol.  Press,  vol.  !>2,  no,  17.  pp.  273-274,  April  2S.  HKMl. 

fooPER.  A,  S,  The  [San  Frnncinco]  earthnnnhe  expliiioi'ii :  llg.  and  Scl, 
Pretis.  vol,  {12,  no.  24.  pp.  401-iie,  .Tune  1«,  Iflfie, 

Davioson.  (iEOKGT..  Polnts  of  liitercst  Involved  In  the  San  Frani'Isco  earth- 
quake: Am.  Phil.  Roc.  Piw..  vol.  4S.  pp.  178-IH12.  lEHHl. 

Davibo.i.  C.  Tbp  Sau  Franciscii  (■arlhquake  of  April  18:  ScL  Aui.  Supp.,  vol. 
01.  no.  imi  pp.  2M\a-2rAn.  May  2tS.  ISOC 

DtKLETH.  Crables,  Jr,  Ki'iMirt  Ion  tlie  Snn  Fninrlsco  eiirthc|unke| :  Gnx- 
News.  vol.  K;.  no,  IS.  pp.  503-51)4.  May  3,  l!«ifl :  nd,  1!).  pp,  525-.')2*J.  Slay  10.  lOOflL 

Soiiie  effpel!"  of  tli*'  Sim   Fi-Hmism  i',Mihijiuik<-  >iii  wari'rwiirks.  strwt 

sewers,  car  tracks,  and  Imiidings:   F.ng.   Xpw.   vr,l,  .■.-.  iin,  2ii,  |i|,.  r.4M-:h>l.  20 
Obk..  May  17,  ItMHi. 

ivo  cxtcni  of  the  San  I-'raiicisni  I'iU'ilimiitki'  of  IIMMi:  Eng. 
ip.  T<iT-7i:;.  17  nin-..  ,TiiTic  2s,  1!"ii;, 

Fnoi.n-eeri.s<;  Nk».s.  The  S.in  Frani'is.11  .lis,i.^i^i' ;  iMiilniiiakc  :iiii1  liii'  ruin 
In  the  bay  counties  of  t'alifornia  :  Kiig.  News.  vol.  Vi.  no.  17.  pp.  47K-4MI.  1  tig.. 
April  20,  1908. 


160  THE   SAX    FRANXISCO   EABIHQUAKE   AXD   FIBE. 

Fi7i.i£R.  M.  U    ('otHiHirnttve  liiieiDtitleii  of  tlie  New  Mudrlil.  CtiarlestuH.  aud 
Sun  FrmiriKti)  partliqiiiikoK  itil)!itriii't> :  Science,  iio>v  ser..  vol.  23,  pp.  ftlT-BIS. 

Juno  I'l.  llNHi. 

(lAi.rxiwAT.  J.  D.    Tlie  rew*nt  enrtluiuake  in  c-entml  Ciillfornlii  iinil  tlic  r*»(il[- 
liiff  flif  lu  Siin  FrHiiclwo  :   Fair.  News,  vol,  53.  no.  lU.  iJi>.  Ti23-!i2ri.  Vi  Hits..  May 


EIeii.prin.  Anceix>.    Tbe  t 
iLilc  pbcnouieim  :  Sck-iK-o.  ne 

iNOAixa,  A.  0.  Eartbqiinkes  and  tbeir  probnlile  origin:  NortbwoNt  Mining 
Jour..  July,  pp.  "2-12,  H  Urs..  V.nni. 

I'reHeutH  ii  dettiiled  cUm-uiii'Ioii  uf  tbe  fucitli.-  const  eiirtbiiUiikeH  from  I.SS8 
to  ISKS. 

Lawsos.  ASDREW  C  .inil  otbors.  I'rellmlnnry  report  of  tUe  K'allfornlal 
State  piirtlMiuake  investlgntloii  cdhiuiIssIoii  :  Mc.  mid  Sci.  I'resw,  vol.  !>2.  no.  24. 
pp.  :«nmn.  4  Ilgs..  Jmie  li(.  lIMni:  Sci.  Am.  Sunil..  vol.  lil.  nn.  iriOl).  pp.  2:AS-2- 
254H1.  June  2:1.  lilrti :  Science,  new  ser..  toI.  23.  pji.  iXll-iUlT.  June  20.  l«^^■^ 

iBcUwles  various  dntii  reliitint:  to  tbe  eeoIoKic-  structure  of  tbe  State  of  Cnll- 
foniia  and  to  tbe  eartUiiuake  of  April  IS.  inotl. 

I.ELiscii MlB.  .\.  O.  The  [San  Francisco]  eartUiiUiike:  Mr.  iind  Scl.  Fresw. 
vol.  !»2,  no,  17.  p.  274,  April  28.  I'.XIti. 

Mabvin.  C.  F.  The  record  of  the  great  [San  Friincisco]  earthquake  written 
in  WiishluKton  by  tbe  selMuioirrnph  <if  tbe  I'.  S.  Weatiier  Bureau:  Nnt.  Ceog. 
Mag.,  vol.  17.  no.  5.  pii.  2ii(i-2»8.  May.  mm. 

Milne.  J.  SeiHuiolojrical  inveftiirationK.  Rleventii  reiiort  of  the  couiuilttee : 
Brit,  .\ssnc.  Adv,  Sci.,  Rept..  liNK},  pp.  n2^1(W,  i;iil7. 

Containri  rcferpiiccs  to  Xortii  Anierlnin  eartbijuakes. 


PAPKRS    RELATINU    TO    THE    KARTHgt'AKK    ANU    FIRE.        lUl 

cImto  ^nrtbqnnkp  nt  April  IS.  liKMi:  Imiierinl  Eartliniinke  InvestifEtitloii  Cnui- 
uilltet-.  Tiikj'i.  Jnpuu.  Bull.,  vul.  1,  iio.  1,  p\\  'Iff-i-i.  (i  |itw.^  Januury.  IffliT 

Tntiulale*  scistNiiBrniiliif  rei-ord»  of  llie  Sun  Frundsco  wirtliiiiiiike  mttile  lit 
various  eiirtlniuiiheobKerviitioii  stntlons  mid  d)RruHseH  (be  rute  of  trnueiiilmlnn. 

Comruirlson  of  the  ftiullH  la  tlie  three  eiirtliquiibei*  i)f  Mlno-Owarl. 

Curuiiwii.  iLDii  Sun  Frniieisw:  Imperial  Biirtljuuake  luveMtl^Ntinii  ('Anuililtee, 
BbII.,  vol.  I,  no.  2,  [ip.  in-lX  'i  flp*.,  IBO". 

ItAtvsoUE.  Fredebick'Lesue.  Tlie  probalile  i?nuiie  rjf  the  San  FrauclMvi  «arth- 
<iunke:  Nnt.  Gpog.  Mag.,  vol.  17,  no.  S.  pp.  iSivaxi,  ii  |]««t.,  Mtiy,  IIHXI;  M|t.  uiid 
Set.  PresB,  vol.  !I2.  no.  :;4,  pp.  IfiHWfflT.  in(»i. 

DcMTlbe*  tlie  geologli;  structure  of  the  reKluu  siirriiuiiilliiK  Suu  Friiiiclscv,  ChI. 
Ihe  Siui  FniiicNii  eiirlb(|iliike:  Qeof. 

ItBiD,  Harry  Fieloisi;.  Itet'ordB  of  )wislllo|p'Hph^  in  North  Atiierk'fl  awl  tbB 
Uiiwulliiu  Iflaiiiln.  No,  III  :  TerreHtrlal  Maguetli^ui  aiiil  .^tiunfipjieric  Elec- 
tricity, vol.  11.  no.  4.  pp.  1S.VUI7.  Etoi-eiiiher.  ISW. 

[HlCKARii,  T,  A.\  The  [Shu  Fniiiclseo]  earthi|uakv:  .Mj;,  iiu>l  Sri.  I'rew,  vol. 
82.  till.  17,  I'p.  ;;70-J7'J,  April  ^8.  ifum. 

After  the  ISnii   Fniueistti  eai"thi|Urtlit|   rliuuster;   Mb,   iiiiil   Sri,   Press, 

vol.  ft2,   no,   IS,  ini.  287-28».Mn.v   :.,   llXNi. 

Former  tfiinhdnakes  nnd  their  ilisciirded  l(rs«»nB  i  Mb.  mul  »<:\.  Press, 

vol.  92.  iio.  Ifl.  pps  awt-SHO,  M«y  B,  IRtW. 

fliitl  ottiiTH.    After  eurtbciiiuke  uud  Bre.     A  repriut  of  the  ttrtlcteB'  and 

edilorlal  couiiueiit  appeHPiiig  in  The  Mining  and  HfleutiBi,'  I'mtx  lmuH>dlutel]r 
lifter  the  disaster  lit  Snn  Frimc'lsi-o.  .\|)ril  !8,  KHX",  Sriii  Friuids''o.  Mlnliig  nn4 
ScieiillQi^  Prew,  lOTH'h     ISH  |>i>..  Htuti. 

A  ivprlnt  of  ittipers  iiiipeiirlti):  in  the  Mlulng  and  Scleutifle  Press  in  the  iHMi6S 
of  April  28,  May  5,  mid  June  lU,  In  Ilie  luuln  relating  to  the  San  FrHncIsco 
earthquake. 

i4£E.  T.  J.  J.  The  ciinse  of  earthtguakeH,  nioniitiiln  foriiialioii,  and  kindred 
Iiheiiiauena  eiintiei-ted  wltii  the  phyHlcD  of  the  farlh:  Am,  I'lili.  Soc.  I'rot, 
vol.  45.  |i|i.  2T4~(H.  17  «e»..  liMHI. 

SToaiiH.  W.  II.  Karthiiiiaki-  lines:  Mg.  and  Sc'i,  Tri'^s,  vol,  'M.  lai.  18.  p.  asfl. 
May  .'),  lOOii, 

Taper,  Rtefiien,  Soinc  local  elTeets  of  the  Sun  Franiisi'n  I'cirlh'iurike:  Jour. 
Geol"  vol,  14,  no.  4.  pp.  !V*i-'A\h,  U  Hgs.,   ISHJi;. 

Dewrlbex  the  faiillinK  n-hicli  caused  the  eiirlixpiake  iitiil  [t^  iiinieinents  ad 
t<hQwn  by  vtirioiiH  local  dlK[iliininienlw. 

\Ve\therbe.  1'"Akiv.  First  olis,.r\-atiims  ..f  Uir  ISiiii  rriinriwo  .Mrthijuake] 
catastrophe:  -Mj;,  and  Sii.  Tri'ss.  vol.  '.Yl.  no.  IT,  |ip.  lIT.VJT'i.  Apiil  l;"-.  i!HNi. 


I'm 


t  at  SdMces,  dRiDHge  to 31.  Til 

*B  o[__J Pis.  XXIV,  XXV 

Aekai>wl«>l8mi'Dlfl  la  thnw  aldlDg— ~  03- 
61. 1,18 
Atoa  BalldiDK.  damage  to.-  31-32.  T6-TT 

Tl«wa  ut PIb.  XXIV.  XXV.  XXIX 

Agnev,    l&niip    nijlam    at.    damnge 

10 22.  1S.1 

damHse  lo.  enum  of 23 

Air  ntuiftii.  dSDEcr  (rom I5'i 

Klew  of I'l.  SI,IX 

Albert  P1»B  MemorlnL.  dHmuBe  tn___  -If, 

AliUTlal    sdU.    bulldlDBB    on,    dnmsKi- 

Ic  view  of ri.  Xll 

■HiiiiinK  .if,  vic!w  o; ri.vm 

Sm  nUo  Mode  groimd :  SpttllDS 

otK/a. 

Ap|>riiliH<r)>'  wirehoBBis  damsw!  ta._        3S. 

77-78 

Tiftw  tif n.   XX^III 

Arch"*,     iMbavliT    of.    rlcws    nhflw- 

Ing Pis.  XVIII.  XX 

ArrhM,  Irnn,  PtpiioBlon  of 3a.  ST-S8 

ArooMn   Sulldlng.  ilnna^p  Id 32. 

78-7fl,  W, 

Tio*  r>f_ n.  XSVII 

AtTlc.  flun™  of,  daaK<:'r  In I2a 

B. 

Bolllmor-',   flrp  at.  htm  of 118-ffn 

rchnlldlDK  of -. . 01 

'             Tiutls    In 70 

Band  Iron,  mloe  of 2*1. :; 7 

*    BniH'iiieal    flunr,    appan^ut    puHhiDg 

i<|i    or 32.  TT 

BrmnH  Viin  and  Storage  Co.-b  l.ullrt- 

damaif   lo 33,  IWl,  147.  l.-ill 

riMif  of ___    11.  \XV11 

Beading  moment,  tnailnium,  [mini  i^r 

appllcntlou   "f   -  -  1.1, 

r»-rkelv.(.  damsKP  at lt..  l:l:i 

Bllillograpby  of  carI1i<|UHl(p iri!>-1lll 

IIoIIdhk    [..ageon.    HiHurp»    lit.    iWvy. 

of n.   IV 

Braclog.  ImportaDce  of ...         I'>, 

U-'S>.      'i&.     35.     57. 

»,  t34-12n,  144.  IS] 

._ 109-lOT 


tlrn. 


of. 


PK  XTI,  XTIII 
Brick  liiilldlDKH.  PlTect  of  eartbquab 

on W. 

73-7n.  111).  135-184,  ISl 
rUrct    of    patthquak*    on.    view 

(.bowlDR PI.  xjcnii 

Iftt  al*o  Brlckwnrli. 
riMelca,    arrli.    huildlnKii   of.    unrfivAl 

of _-       JU) 

Urk'kwork.   comparative  bebavlor  at 

nnd PI.  XiV 

cfMcki.    In BT.  74-75 

Yioa-  of n.  xxn 

fITecI-  of  enrtli'iiioke  no —         53, 

74,  la.  as,  M-ttfi,  tos, 
100.  na,  139.  i«fr-i4« 

rH!wii  abowlng.—  Pl«.  SII.  XX- 
XXII,  XXXYIIJEI.Vt,(.lll 

Pirei'ts  of  are  oa-  TO.  12.  88,  93.  WI.  ISQ 

•IpWK  lUiwlng P1».  XL,  LII 

PMeallala    o(.„ SO,  132-153 

Hreproof  Vault  at.  vl«r  ef PI.  MI 

flreprooting    to 111).  14K-150,  IM 

uw  of.   lu   parllllonii Sa,  T! 

Bre  alao  Brick  I>ulld1iiin<:  Brirka, 

llrldgH.  damase   to " KU,  116.  1S3 

damaEe   lo,    view  alioiflnit PI.  XI 

nivant  Birwi.  aeitllnn  In 28 

niilldlne  trade,   cliann-ter  cf _  SO-Sl. 

.-.(t-W.  83-«e 

Itiilldlns^.  Hvr  ni'l''k  I'lilldluKB: 
Siriii'i.ire«:  Tnll  l.ulld- 
Ino :      Wooden     biilld- 

Ilnllurk    &    JonvH    IliiUilInu,    dania^ 

I" 3.1,  Sft-81 

virw   or n.xxvi 

[Imrni-il    dHlrkl.     map    ehowlna.  i'la.  I.TI. 
I.VII 

riiidw   llMlldlni:.  <Uiu..i:>-   h. 100 

vliits  .If |-li..XX.\,   XXXItt 


.1,  vkrt    iif _,    I'l.XXIX 

r<lii|imkp    InFeallKflllon 
roDiin  Ilia  Ion.     iieranDoel 


cmi   BnlldlDi.'.  dannsc  to :M,  91-«S, 

144.  140,  146.  15S 

ilcscrlpllon    nt 31,  Rl 

Cnxt  Iron,  ohjwilons  to ,—        ISO 

frr  aU»  foliimnii. 
I'utlinlral.  St.  DomlDlr.  (livmBiw  la.-         2i 
CclllDri*.  Ivliavlor  ot.  paulm  Sl-tR.  7B-I0S 

Vha  lor  of  vi  ws  ibowlo*    Pis  WVI 

V  ommntflatlnDii    on  11 

tmrXf  IcB    d  D1BRF  Id  A 


e  n  lldine   flsnuKi'  t"     —  35 

S3-S4  144 
r  df  PI  XTX 

■oncrffe      S       Concrolf 

35-,M,ajl  84-HO 


(rimluB 


filu*  of   riewB  of      rit  \XM  ^^^^ 
res   nill    msrrnlr     « a  I  It    t 

daiDBKi'   tn  18 

1  tans    fall  vn  of    tlirouicli  drP       inMlm 
10-19  7ft-10« 

fal    rr   M    Ihroish   Bre    Tlena 

■hnvlnv       111  X-tM   \\M[ 

\I    \L\III  I 

fln-pmoflnt,     f  ^2  71   T      1   I! 

dumiiKf  tn    Ijr  FartbqaBktf  4 

fall  n-  nf   tbiw  Kb  fire        pamlin 


iniiMlnn.  b^BTlor  of is.24. 

20-.10.  !i.i,  Tn.  iia.ina,  1S3 

■l.im.  Hew  of Pt,  XI 

billllllnin,  damnKF  tn.  Ot^K, 
113.  114,  tSS-IST 

ilamaur  li>.  vlcm  ahowlng Pla.  XVII, 

XIX 

rondiiltB  nnd  malna.  damaiP  li> IfL-lP. 

113-MA 
■lamatra  to,  vlewi  Bhottla^.-  Pla.  IX.  X 

mail  Bhnoinit PI.  I.VII 

repnlrH  lo 117-118 

ronBtriirtloD.  flefwlB  nf.  wide  preva- 

tvnre  of VI 

risiairy  of.  npmaliy  for.  In  hieh 

ctructnrea IS.  Sf 

I'nurt-hniiw,    Hiinta    RoBn.    riiliui    of. 

vl»wof PI.  XIT 

Cowfll  Rolldfag  daniaee  to _  80,  I4B 

view  of PI.  LI 

rrscka.  enrth.  rbarncter  of T 

vlnv  of PI.  IT 

rnolra.  nuinonry.  rbaraelerof-  2fl.  ST.  T4-T5 

vlitwa  nt _.   Pla.  XXII, 

XXX.  Xt.lll.XI,IV,I.III 

Crockpr  BulldlDR.  damaRe  to 36.  gO-IM 

view  of PI  LI  I 

rrnckpr  Ealnte  SuIldlDK.  damBae  to_         DO 

vIpw  of - PI.  XXTIII 

rrj^nial   Sprloca  tjike   dnma.   Immti- 

nlll    of Ifl.  114-II.1 

viPW  of PI,  XI 

('oBtnm.hnnur,     Uoltm     StnlFS.      Hrr 
.\ppra  tier's  war«Iioii*<?. 

ryplorniUB.  collapa*  o( 2fi-30.  loft 

Tli-ws  of Pis.  xsii.xxm 


PMt. 

EartliijiiakM.  prPTnlenee  ot,   wt   P*- 

rlflc  coMt IS,  in,  I4!l 

[iroti'eiloli  sKaliul 15. 

rrf)-30,  110-ltH,  l;!4-120,  1ST 

frr    iiViiD    Sid    FrBiicli<co    imrtli- 
ifuake :  San   Krinrltea. 

KlrTAlar  «Ji»fI».  iJaDger  from 155 

kmanuvi  KrnagoED*,  dUMce  (o 2i] 

Tlmr  of rt.  XXI 

liBiIHirlun,  damaKB  to 30.  TH.  00--D1 

vi»w»  of ri.  xxxri 

Klililolaiii,      ToicBnlc,      pnrthnUBli™ 

lllrmount  llntfl,  domsKB  to ST.  Oii 

view  of ri.XXXlV 

(^ult  atari).  desicrlptloD  nl 5 

FKUlt  trace,   intliialtr  of 3,111.131 

appearance  of n 

TlewB  iif 1-la.  I,  II.11I 

Chanf  l(r  of.  dlaKram  Bhoitlns  .  4 

candult  vroHiJug.  vlewg  of ris.  IX,  X 

dmrrlptloD   of 4-11 

dam   an.   effwti   of   earlbqualcL- 

»l*ir«  of n.  XI 

■tlaUlicm  from,  to  toinu,  ttc S 

»arlh   moTvioeal  alooi 4. 

B.  IT,  20,  I32-1SH 

ilPAs  showlDS Pla.  I,  II 

fxli-nt  i.f 2.  *.  10.  Ift-IT.  ISl 

feiiw  crossing,  rlew  o(„ II.  1 

m«p  of i 

napping  (prertousi   of in 

ulfwrt  In 5 

»l»w«  of ria.  I.IX 

rotrrToIrs  on.  damaitf  1o 10-19. 

114-115 
road  croailng.  vifw  .if PI.  1 

lrlffiro]>luR  BlooK.  vIpw  ahowlDR.    PI.  IX 
Nrr  alMa  KboIIIdk. 
FaultluE.  cartlKiualm  dur  to..  S..  in.  is-in 
lirrfalcDce  of,  on   I'aFlflc  nwat-  15 

ncan 2 

time  r»|ulrw1  tor 11 

y[rv.   proiecllon  agalnft .'.l-SB. 

llft'124.  laa-1111.  157 
Mir  alio  Han  F'nii<-lBOo,  Are  In: 

San  h'ranclBPo  art. 


nraproonng,  coat  of IM.  IM 

ecneral  loHdeqnHcr  of—-  110,144.141 
Imperfpriloua  uf.   In   San   Kran- 

cl»<-o_,  &a~M,  71-74,  iiT-iao 

iDaurance  ratm  redncfri  bjr lafi 

matertnla    for 62-M.  H7-1B0 

proIecILoo   afforded  tij,    per<«»t. 

nee    of 78 

r-MomiaendatlnQii  roncernlnB U 

llS-132,  1ST 

MMaL  Inlba;  Tlle>,  etc. 

Masures.  rrmllon   of„_ 133 

Tiews    of ___    lla.Ml.tY 

riond    BulldlOK.     1'f    Jamn    Klood 
Biilldinu. 

l-loora.  IwliBYlod  of paaaln  31-IH 

73,  TS^IOH 

lieharlornf,  tIcwb*I]o*Iiib.    PIh.  XXVI, 

XXVII.   XXIX 

rarommendallona  on VM,  Ib^ 

K(irlincBtlon».   dBniBir»   to M.  IM 

foundation!,.   Imiarlaact  uf 5T. ». 

ia\  iHs,  ua.  isi 

Frame  l.ulldtnun,      «..   Wooden  liuUd- 


lieoloiilr    fornilloDK.    FharBcler    of. 

mnumve  or 12,  isa-iM 

(lllliarl,  ti.  K..  plmtnicrBphii  by.. I'Ib.J. 

III-VIII 
report  liy,  on  llie  «artlH|UBke  aa 

a  oalurnl  pheDOUKnoit.     1-U 

(llrdpra.  Are  protection  of TS-T4.  IIB 

<;lrla'  liljcb  Hchuvl.  daoaKS  to 2V-9T 

'[>BB»,  ■Tire,  beliavlor  of_.  80,  12.1.  154.  IM 

behavior  of.   view  xhowlni: I'l.  UC 

(iolden  Gate  Park,  dimnuc  In 20-30 

(JuveTDment  l.iilldiaKH.  damaKe  lo. .  :I2,  4!. 
44-4.-t,  IW,  7«.  1*1 

rlewa    of __.    _   I'l.,  XXVIII. 

XXXVlll.  XUIl.  XLIV 
l-ranEte.  damaue  In .. ns.  OS.  WT 

damaue  lo,  vlew«  abowloH-  1-la  XM». 
XXXVl 

ritant   BiilldlnR.  dnmajiP   to 3e-3fl.  DS 

(traTit;.  eartli  moTement  due  lo B 

<;rHTlty  wHvea.  propafMIIon  of  10-11.  l»-»t 
lireek  Tlitater.   loiniiiDlt;   of 2S 

"!!.■    1.1--    IT 

[iHywanl  BiiiMlnu.  dnmniiP  lo 40 

lllliernlii     Hnvint-    iitid     Loan    Soci- 
ety's  hiilidlnE.  dnmaKe 

I" -     -- M.IOS 

vl™-  of _   PI.  XXXVII 

llliill     mhool      tmlldloK.     Hiin     Joat. 

damiKe  to.  view  ol ri.  SHI 

lllutmelwrlfbt,  A.  L. 


l« 


(■i.tlfotBln     F.l»clrlc    Co.' 

Are   prol^rt 

CbU   Bulldine.  <lniiiait«  t< 


INDSZ. 


i.  «l-83. 
146.  1S3 


CliBrlpBtoD  rarthquakif,  rmufl  of 2 

riiemlcHl  ^itlneolsberH.  valtif  of IBT 

rhlmnfyg.  dammra  to_  SI,  2*.  100. 111-1 J2 

»te  (I fas  SDiokpKtai'kB. 
I'lilttendfD.  rnllroail  brldi^  at.  dam- 
act-   to UO 

t'lironlrle  BiilMlnE.  ilamR^i!  lo aTi. 

83-M,  1-M 

view  of n.  XXX 

Cinder  poniiTte.     Str  CmictM*. 
ritr  hatl.  dflinage  to_„-  SS-Sfl,  flll,  84-80 
_  m-so 


crlpllu 


.  riB.  XXVI.  XXVII. 

XXXIV-XXXVl. 

XL.  XLvni-i. 


I  biilldlDira,  btftfylor  of IS.  54. 

29-30,  as,  TS.  H3.  ISO,  132 
t  ilnm,  y\i^-  of n.  XI 


it9  Bhowlnc.- 
I.  damng«>  t'l  . 


XIX 


115-ll<t 
damaee  lo,  vlewi  abowlac —  ria.  IX.  X 

map  itioiHnic n.  I.Vll 

repaira  In 117-119 

nwriiofton.  defvru  of.  wMe  prevn- 
p   of-_ 


rlEidllj-  of.  neivulty  for.  In  hlBli 

rt-hiiii<u>,   t^Dta  R«aB.   rulna  of. 

Tl^wof PL  XIV 

1  BnlldLnn  daauEe  lo SS.  14a 

n.  LI 


view  of.. 


vi?w  of  _ n.  IV 

Cfucka.  maaonry,  character  of_  28,  n7.  74-T8 

rlPws  of Pla-XXIL 

XXX.  Xtlll.  XLIV.LIII 
ITocker  Bnlldlnit.  dnmaBe  to M«,  Sn-fKI 

vlPw  of [■!.  LII 

I'rork^r  Entnle  Bulldlajt.  damaxe  (o-  00 

view  of P1.XXVI11 

Crj'iilal   Rprlnm  I^ike  dnmii.  ImniU' 

nll]r  of 10,114-115 

view  of PI.  XI 

Appraiser's  trarehouae. 

fjrcloninia.   rollapse  of S9-S0.ina 

P1B.XXII.XXI1I 


1W-S«.  IIU-I 
Hrr    iiliii    8ui    FrauclHW    partb- 
i|uik( :    Ban   FrancfXD. 
pnrltii|U*k«  In. 

Klviator  iili*ll>,  daoKT  from 1S5 

UnuinucI  8rn*««su'.  dsaui*  to 3il 

Tltnr  n( _ I'l.  XXI 

BDiporlQin.  OtmMKt  la 36.  TH.  00-91 

tkn«  of I'l.  XXXII 

Ri|)IoiiJouB.      Tok'Hnlc.      eiirlluiuaki 


I'UUBFll     t 


falrmoDDt  llotfl,  damage  lo. 

I  'FMilt  KBrp-  descriptian  of 

[   l^ull  irBce.  aDllqnlly  ot 


•Itw 

of 

ram  bI^iowIok  ,' 
lenaof...  riB. 

on. 

.rT.=u 

of   eartbquakB 

view 

of 

m 

I.  XI 
dLitmicei  frodi.  ta  towsa.  •!«...  A 

esrtb  mavcnwnt  along 1. 

0,   IT.  20,   132-1311 

YltKi  ■howlns 1'1».  1. 11 

•uleaC  uf a,  4,  10.  lS-17, 131 

r»nce  i-rantliig.  vl»w  Qf,--^-_---      n.  1 

map  of — ; 3 

nuppinjC   (proTloiH)   of IB 

Ylewn  of PU.I,  IX 

riwrvnlFB  OQ.  daniBiie  to lO-lR. 

114-115 
road  cTomlog,   view  uf i'l.  i 

(elwcniilDB  BlonK.  view  aliowlnB-    I'l.  IX 
Her  alio  FiiuHln«. 


FbuIIIde,  e 
liliiee 

lime  n 

««  .,1 
Flr».  prote 

rthquakm 

.f,    aurta. 

auf  to. 

e    or    «u 

2.  1«.  1.1-10 

■qulreO  fo 
1  l-'aull  1 
IloD  Minil 

nal 

111-124. 

--.1-r.B, 

ten,    Niitlou 

!    Bo 

nnl 

t.    report    ..t 
uiin)     111    Sa 

»"\- 

flro 

linn     In     Kh 

l;' 

xirroumllDu 

.. 

Bf 

nreprooanic.  roflt  of l-M,  ISO 

gvoeml  InailequBiTy  ot...   118.  MA.  14T 
imixrfKt'llona   of.    In    Ban    Kraa- 

olBfO--  na-M.  7I-T4,  147-lftU 

iDauranra  ratra  rtdoMd  br IK 

□laterlalt    for S2^4.  14T-I(H> 

prolecllon   alTonlnl  by.   pvmM- 

«He    of W 

recomtnendBtloivi  (smrrrnlnK H 

Iie-133.  ISI 
Nff      "!»«      Brick;      condret*: 
MPtal  latb« ;  Tll*«.  etc, 

l-'i«Bureii.   creBllon  of IBH 

tlevi,-?    «f_ PlB.III,IY 

I'loml    BiiUdlnK.     X'B    J>in«    Flood 
BiilUJloK. 

rioo™.  behavior  of iHiBlm  31-48 

73,  T6-1IU) 

behavior  of,  riewa  HhowlQC.    I'ln.  XXVI. 

XXVII.   XXIX 

remmmaDdalloDB   uti lUfi,  IKl 

FortlflcalloiiB,  damaae   to «,  114 

FouadBIIonH.   ImpDrtaDit!  at .■  BT.  BO. 

133,  i;tn.M>,l61 

Frame  li.itldlnKs,      H,r  Wooden  buli«- 


lioolQicli:    foriuailonii.    i-haracwr    of, 

irniuvnw  of I3;lS3-]3<I    ■ 

nUtMrt,  u.  K„  pboioKrnpba  ti; Pla..I. 

Iil-Vin 
rcpurl  l>y.  on  the  eartbquake  u 

a  Dstural  pbeDomeDou.     l-l:t 

work    of „ _         »t 

GlrderB,  (Ire  proleetlon  of 73-74,110 

I'ltrta'  htgb  achool.  damaue  lo Zd-ZT 

(Jtaaa,  wire,  behavior  of_.   SO.  !:;:(,  ir.4.  IM 

liehBvlor  of.  view  showioit W.  UI 

riotdfD  liale  I'ark.  damHee  In ■iOSIt 

liuveromeot  I.uIIi11iik>i.  Jhidhiic   lo..   '.12.42. 
44-15.  M.  71,  UU 

ylawB    of I'la.  XXVlll, 

XXXVIIl.  XLIII.  XLIV 

rirHnlte.  damaee   to flfl,  »2,  UT 

ilfliDBiia  lo,  vlewH  BhowiOE.   riB.  Xmr, 

(irnnt  BulldloK.  dairiBK-   to W-88.93 

tlravlty.  earth  muvemenl  due  to B 

i^rnvll.v  wavea.  propaicallna  uf  lO-ll,  IS-M 
fireek  ThealBr.  Immiinlt}'   of 35 

llHfwiird  B'lllillui:.  dsninKP  to 4<t 

illlwrniii    Miivlnu.    iii.d     Unn     Socl- 

eljn    hiilldlni.'.    damBn 

In    --      3H.  IIW 

vWw  of_.  .    .       .  1-1   XXXVII 

IHtih     aehw']      InilldlnE.     Hnn     J,iKt. 

damain'  lo.  view  of,-  VI  Xllt 
(lloinialvrltlit.  A.  L.  An  plMtoftrapli 

\gt ipk.-* 


166 

Ili>1«rl  Ixillrflag,  dam«sc  to 88-SD 

llolmH.  J.  A.,  {iretai'e  hj ii~iii 

Itorne  non,  I'ltlnhurg.  ramparlHii  of 

nrm  al  Emporium  iDd.         91 

IIoIfI  IfnnillloD.  damage  to 3S 

view    of I-l.  XXSVI 

Houiw,   nplllllDi:   of K) 

■pllttlne  uf.  view  ibovldB I'l.  \ 

ll'iward  alrtet.  ruined  balldlBga  on, 

view  of ^ n.  LIU 

<PUIinE   In  ._ __  28 

view  ahowlBe- ri.  VI 

lliimpbrej'.  It.  L.,  experleoce  ol ii 

»•[>■  liy rii.  l-VI.  I.V1I 

pbotoerapba  bj I'Im.  II.  VI,  X- 

XXV.  XXVII-XXX.  XXXIV- 
XI.V,     XLVIII.    L,    LII-I.III 
report   lix,   on  eHetla  oI  farth- 

Mlrurlurm     and     atrur- 

tiiral   malerlala 14-in 

•cirli  uf.- II 

I. 

llliiatrBtlons.  noiirres  of iv 

liiaiimnre,  earlhijuBlie,   um-il   fur 1211 

Inteulty.  eartbquake,  d«flnltian  of,  12 

dIalrlbuLioD  of 12-13 

fuctora  governlDK 13-J-I»n 

■    maximum  of.  region  of..  2, 4, 13^ta:l 

■rule  of Ifl,  ISl 

vnrlBlloiu    In SB.  TS,  100 

luj'O  earlb<)uakF.  rniioe  of 3 

Iron  ncchiM.  eipunalon  of 38.  87-88 


Ijindiillpii,  prodnotioD  of S 

Lalhi.  metal.     Sre  Melal  lalbs. 

Ijiwmn.  A.  C.  fauliH  traced  by IB 

photoRrapha  l.y Tla.  VIll.  XIII 

Lee  BroUvere.  buUdlns  «,  view  of.  n.  XVII 
Inland    aianford    Jnnlor  rnlveniii)'. 

damage   lo 22-24. 

75.  112-114.  IXS 
damage   to.  vlewa  of-   Ma.  XIV-XA'III 

t-eoloKlc  roiullllona  at IS 

I.eiLBChner.  A.   O.,   nn   Ban  Pranelaro 

earthqo«ke 143 

LLfe.    lou  of no-dl.  li» 

Llght-houaea.  damage  to m 

Ij»  'jHtoa,  tunnel  near.  Oamage  to 20 

Made  ErnUDd,  conduits  In lis 

movement  of.— S.  i;i.  15,  21. 13,1 

IS.  26,  66.  115-llfl.  13S.  ISS 

views  of I'la.  V,  VI 

■ewera  In lis 

Sre    ultu    fiettllDB    of    KrauDd : 
Eartb. 

Ualna  and  condutta.  Oaiaa^e  to IS-I9, 

ItS-Iie.  133 

damage  to,  riewa  of Pla.  IX.  X 

repair  of.- 117-119 

Majestic  Tbeater.  damage  to 40 

view   of n.  XXXIS 

Marble,  destruction  uf 33,167 

Uaratoa  BulldlDg.  leHona  from 1S2 

Uarx.  C.  D..  and  VVIng.  C.  B..  report 

of Kt,  iit-iiii 

Masonry.      Srr     Stonework :     Brirk- 


Page. 

MtDt.  Unilrd  Suites,  ilimaee  to 42, 

3->-m.  IS4-15S 

v[ew  of I'l.XXXVIlI 

MlutoD.  Tbe,  serllOD  of  cll^  knovn 

AB. i;i7 

Miulon  Dolnrw,  neo.  damaiK  (»__.         27 

oM.  view  nt -- n.  XXIII 

MJnIoD    slFHl.    Rsrlli    slip   on,    T[ew 

(Hovlag ri.  XUII 

Uonndnock  Bulldlag.  damagp  to 42.  OA 

repairs   lu 42-43 

Monterey,  dsmaitf  at 21 

Montpr*):  Boy,   effwtii  of  parlhqnake 

at 21 

Mo£al<r  celLlDKH.  l>pbnTlDr  of 45 

llonntBlD-mBktDK  ti>rmi.  parHuiaikra 

Hre  al"!  Tm-tontc  carthiiuskMi. 
Miu!.  rooTCDiFnr  ot 8-0 

Srr  nUo  Earlb. 
Slurphy  Building,  dsnage  to 43 

vl*«  of _ Pi.  XU 

HnlURl  IJtt  Building,  damngp  to.__  411,  fHl 

view  of PI.  XI.I1 

Mutual  KavlDgj*  Bank,  damattr  ti'---        1<>B 


i.n.  v[»«  of.      PI.  V 


liikland.  daoiaHe  bI 3.1.112.138 

Imorl.   f..  on  Mirtlir>irflke« .W.  IS2,  14:i 

ItnsmenllilloE.  loss  on ri2-Ba.  127.  ]S4 


P. 

rncllip    SlntM    THp^hon.'    niiil    Ti'lp- 

daniLgi!    to_  4:(-14.  (W-07.  ItS.'i 

view  of PJ.  Xl.l 

PaJBTO    Rlrer.    mllroid    l.rldg«    ov<t. 

datOBge   to 20 

I  damngp  to,  Ticw  ot PI,  XI 

pBlacD  Hotel,  damage  to...  SO.  nT,  14a-l.l(l 

I  «ewi  showing Pl».  XXX.  I-II 

I*lo  Alto.  damBg"  "t 24.114 

geologle  .-ondlHona  nt 15 

Bte  iiliu    l.rf!lanil    Stanforil   Jun- 
ior University. 
PnrlllloDa.  l>ehi.»1or  of.     s™   Meiul 
latbB :      Terra,     cotlii  ; 
Tllei.  etc. 
generul  cbaraclec  of r'2.72-T3.94 


PHastera.  ahpnrlnn  of Sr.,  nn 

strlpplnf!  of.  view  Bhowins_       .    PI.  XII 

Piles,  bulldinus  on,  damage  to 2H.  i:tri 

I'ipps  on  eojuaina,  damagt-  due  to 45 

32,  80.  148 


orrrdlona  at U 

y  nr  imlMtNg  Id.  $A-MJ^ 


traiv  urar.  vtmra 


114 

;__   I'l.  XIX 

Kallr.mda.  (lumnjB..  lu  ._ _  20,21 

damage  to.  view  thoning PI.  XI 

IttHTordB,  ball  of.  San  Pranelwo,  dun- 
age    to _ SS,M> 

Reeorda,   hall   of,   8iinta   Rom,   mlDt 

of,  Tlew  nf__*_ PI,  XIV 

Redwood,  damage  at 114 

HphI.    S.    a,,    on    nre    In    lelephaae 


supply  ■; 


tthytbm    of    eartbanaka,     «lMraet«r 

Rlaltu  Building,  damage  to 4B,llM 

Tlew  of . in,  JtLVlH 

HlretK.  ImportBDee  of ~ 144 

Hhparlng  of.  viev  abiitrlug-   I'l.  XI,VII 

lioberlB,  J.  W..  aid  of 44,  OT-IW 


Sofea.  folUirP  of. 


SnllUBH,  damage 
Sallnaa  ttlver,   el 


.__  45-48. 
1U3-KH 

.-  21.  ia> 


..  21,  im 
-   Pi,  Vlll 


]   Andreas  ilam.  .lomage  t.>__   Ifl-tD.  IIB 

1    [■■ra.iclK'o.  area  of IM 

liiLlldIng  roile  In. .   SO-51.  Sl>-m.  M-M 
liulldlnga  In,  cliarailpr  of RO.  SO, 

:>'2.  50,  ax  i.'U'tun,  i:tn-t4S 
.Ifliwra   of fiS-M 

oil  .  _    . .      11I-,MI,  114,  1.111-140 


r-r 


II  Knnclwo.  earthquake  In.  dam- 

■sr  hj.  rfiiimnf.  (or_  26,  ns.  142 
ranhiiniike   in.    dBnwgp   liy.    Tr- 
Iktkin    of    Are   damaice 

aod «0.  T4.  IM 

eUtet    of,    on    wnllB.     Srf 

Icwioiia  of .._   30-.10 

lou  of  life  ln_ 50-Wl.  1B3 

ffrr     olio      Ann      Frnncliiro 

Are  depnrtment  of 51,140.13.1 

chlff  of,  deatli  of 1ST 

llr?  hnitnrd  tn.  under  writ*™'  re- 
port   on..  411-51.  (U.  l:tn-140 

ftrt  In.  normnl  low  1? 40.  ISG.  IR!) 

normnl      Iiwh     W.     ii^Bxono 

(or     13H-l.tO 

Hrr  alto  Bnn  Krmnctspo  fln>, 

flntproof  bulldlnm  In.  behnvlor 

of.        Set       Fireproof 

llUlllIlDSS. 

foundation  material  of...  :!ri.  1.14-1. l<l 

map  of.  nhovlnji  burnrd  nrm.  n,  l.Vl 

■howlns  whole  rity. 


rand  lit 


I'l.  I 


polHilatlon  of 1.14 

rahiilldlnji    of 5n-IW).  (11,  ]!8-llT 

retiimnipndi.[|f.n9  for 124-12n 

anrvlvlne  Inilldlnua  In.  dearrlp- 

tlonii   of 31-IH.  T(m2 

vIpw  of.  from    Tine  and   Towell 

BlreelB  _ _.  ri.  I.V 

from  TplcRraiDi  IIIll M.  LIV 


ra^. 

rraoelsco   pirlhiiuakp.   publlM- 

llonn  on 150-161 

ahocka  In.  numlier  of IB.  131 

vfloclty    of 17 

vibrations    In lft-12.  IT 

Srr  olte  Fault  traf« :  Panltlng; 
flan  Pranciaro.  rarth- 
ijunlie     In:     oarf     par- 

Fmnclsco   Sre.    romparlaon    of 

other  flrps  and__ T,l 

damai^    by :;0^R.  BIMW.  ei.  M, 

(tD-lOS.  126-127. 14tl-130 

iDBuraDTO  for 3!> 

lou  from l3H.inR 

relation  of  earthqnake  daoi- 

aRe  and ec.  74. 1.Vi 

See    ado    Slruetiirea,    artl- 

deacrlptlon   of I.t6-13fl 

llreproof  bulldlnm  In,  See  Flre- 
]>roof  bulldlnRH. 

heal   of 6l.eH-A!) 

leaaons    of— M-.-.A 

loaa     from 1.1H.  l.-i.1 

magnitude   of 4fi.  l.lT-i:W 

maps    Bhowlnj: Pis.  l.VI.  I.VII 

wind    cauaed   by 1-17 

Arr  alio  llan  FrsnelHco.  fire  In. 

FranrlBco     (laa     and     K1e<-trl<' 

I.laht  Co..  iiuildlnea  of, 

damaue    to CT-^K 

Jo»*.  damase  at 21-22.1.11 

damage  at.  roaaona  for . ..  2^ 

Tiewi    ■bowlDR lis,  Xii,  XIII 

B*oloelc  e- 
reservoir  of.  ( 
.luan,  fault   tl 
Mxt"},  diim  n 


»»w»r».  rw'i>iiim«nmii'>na  rPKordlnj:-        118 
flh«flB,  Blr.  danjrer  from mri 

»)ew    of l-l.  XLIX 

ShrpTp  Biiliaitie.  damaEc  lo 46.11)4 

flliiilirn,  imimrtanpe  o(_   12^-124.  tS-l-lSS 

use  of.  in  »iib  Vnnc\tco 123-1S4 

einiiDe  Building,  aamnge  to 47.104 

Flew  of PI.  XUX 

HI  nw  burn  Ins  roaBlnictlaa.    Bck  Mill 

cooalnictlon. 
KiiKiliPiiUrkii,  dnmSKP  to 113 

vlpi«>»  of 1'1».XIII.L1II 

ll.>|[.       Srr     Earth;     Miide     ground: 

Elunt^,   Krnnk,  prperienpe  of xi 

IihotournplH  by I'la.  IX. 

XU.XXXI.I.III.  I.IV 
rtport    l)j,    on    th*    earlhriiialie 
and    lire   and    Iheir   ef- 

and   HtMl-frflme   bulld- 

Intn 131-15« 

HMithprn    rsriflr    ItBlIroad.    duniBge 

(lunikge  I[>.  iltK  flboflflDK I'l.  Xt 

Bi.rwkf  Ih      (ClaiiB  i      RulldLni;.      Sr.: 

Call   Riilldlug. 
drrvL-Krl'ii      sugar      mill,      dsiaatip 

danaio  In,  rleir  showing n.  XII 

KiiHnit    YMtj    Water    Co..    tmlldliiK 

of,  duaaee  to.. 47. 

TS.  104   lOB 
liitlliUnn    or.    daniHRe    to,    views 

of riB.XI,V.  1. 

vault  In-.- - 7i> 

rondnlts  and   malnR  of,  dBiRa.)(e 

to «2-r.:i,  113-11(1 

damage     la.      ilews     aboti 

ine Pis.  IX.  X.  XI 

aims  of.  damage  lo OS.  IH-ll-") 

8(nirwH:ni.  Whavlor  of-    lOfi 

SlDDford     I'nlTenlty.     Set     l.«1aDd 
Stanford    Junior    T'nl- 

Hleel.  structural,  reliability  of..-   14!I-14S 

8le»l  l-andH.  effect  of  Ore  on .'Sl-rili 

effit-t    of    Dre    on.    view    «Uow 

lag ri.  XXIX 

fltwl   buildings,  elTert  of  earlbiiuake 

on.- S7-SH.  7.VT8, 


Siiiui'-venivr  biilldlnuB.  danisue  'a  -.  £3-34, 

Kionework.  i-ffi-el  ..f  ear(l»iuak«  on.         03. 
74,  7B.  145 
effect   of  eartliqiiake   on.   v]»*s 

nhowinjt.    I'is.  XXSIII.  XI.IV 
•ffett    of    Bre    on,    vlewa    aboiT. 

Inn...  Pbl.  XXXVII-XKX'IX 

fttow    Iiike,    bridge    OTer.    Immnnlt]r 

of 80 

Stnirlurnl  malertiilB.  iMhavlor  of...  Sl-BS. 

n~n 

Hrr  aim  i.tirllraUir  matertati. 
Slnirlurm.  artmcinl.  riaaaea  of.  reU- 

(Ite  damage  to n-SS, 

74-70.  190-]!U 

tracka   in 20,  T4.  TB 

derw-ls  preTalllng  In 80 

ahowlnit '—  Pi.  XIII 

ijiiake  and  flrp IB, 
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CUSSinCATDN  CFTiiE  ITRLICATinNS  OF  THE  UNITED  STATES  GEOLOGICAL 
SURVEY, 

I»ulletJn  Nci.  &H.] 

The  pabliistums  of  tbe  TTnited  States  Geolupml  Survey  consist  of  (I)  Annual 
Etoporte,  (5)  MonographR,  (:!)  I'rr)f(«Fiif>iial  Papere.  (4)  B'llleting,  (5)  Mineral 
ResDuri-ea,  (61  Water-Supply  and  Irrigatiou  I'ajiera,  (7)  Topographic  Atlas  of  Tnited 
Btatee — folios  and  separate  wheeta  thereof,  (8)  (ieologie  Atlas  of  Unite<i  States — folios 
thereof.  The  classes  numbered  2,  7,  and  S  are  sold  at  i-ost  of  publication;  the  othen 
are  distributeil  free.     A  circular  giving  complete  lists  can  be  had  on  application. 

Must  of  the  atiove  pablicatiotis  can  be  obtained  or  consulted  in  the  following  ways', 

1.  A  limited  imniber  are  delivered  to  the  Director  of  the  Siir\'ey,  from  whom  they 
can  be  obtained,  free  of  charge  (except  classes  2,  7.  and  8),  on  apphcation. 

2.  A  certain  numlier  are  delivered  to  Senatore  and  liepreBentativeH  in  O.ongreM  (or 
diatrilmtion. 

3.  Other  copies  are  depositci  with  the  .Snpn-rin ten' lent  of  Dijcunieiits,  Washington, 
D,  C,  from  whom  they.can  he  had  at  prices  alightly  above  cost. 

4.  Copi««  of  all  Government  pubiicatJanfl  are  (uroished  to  the  principal  plllillc 
Ubrariee  in  liie  large  cities  throughout  tbe  United  States,  where  tliey  can  becousitlUHl 
by  tboBD  interested. 

The  Protessiiinal  Papera,  Bulletins,  and  Water^iipply  Papsrs  tr*at  of  a  variety  of 
Rubjectj^,  and  the  total  number  issueil  ie  large.  They  have  theretorv  been  I'laa^ttod 
into  the  following  eeriee:  A,  Economic  geology;  D,  Descriptive  geology;  C,  Sy>itpin> 
atic  geology  anil  paleonti;ilogy;  D,  Petrography  anil  mineralogy;  E,  ('bemistry  adii 
physica;  F,  Geography;  G,  Miscellaneouf ;■  H,  Forestry;  I,  Irrigation;  J,  Water bIot- 
age;  K,  Pumping  water;  L,  l^iuttity  of  water;  M,  General  hydro^rapliir  invedtlgn- 
tions;  N,  Water  power;  O,  rndei^rround  waters;  P,  Hydrograpbic  jirogress  reportij 
Q,  Fuels;  R,  Mtrttctural  materials.  Tliis  paper  is  the  firvt  in  Series  U  uiid  beara  tllB 
following  title  (B=Bulletin): 

I  SERIES  R,  HTRI'tTVRAL  MATERIALS. 

B  33*.    Tbe  Bui  Pranclaco  iuirtliqiuiJtu>  hdiI  nn.- 1>[  April  1%  19O0,  iind  lhi>lr  vBrfls  on  Mructore*  and 
*  wroctural  matirtalii:  n-'P-jri.  by  (i,  K.  Qilbiri,  K.  I.  Humphrey,  J,  H.  Scwell,  nod  FlHik 

Baa\t,  wltli  prefncv  by  J.  A.  HiiIiql'ii,    1807.    170  ]ii>..  .^7  pIS- 
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